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Abstract 
In order to investigate the use of Fast Atom 
Bombardment Mass Spectrometry (FAB-MS) as a tool for 
structural characterization, two groups of complexes are 
analyzed. The first group is a set of ruthenium(II) 
coordination complexes containing bidentate polypyridyl 
ligands. The positive and negative ion FAB-MS spectra are 
found to be sufficient to allow for an almost complete 
characterization of the central metal atom, the ligands and 
the counter anions contained in the intact complex. An 
unusual observation of mUltiply charged ions in the positive 
ion FAB-MS spectra (i.e. [RUL 3 ]2+) is explained to be as a 
result of the oxidative quenching of the excited state of 
the doubly charged ion by the matrix, 3-nitrobenzyl alcohol. 
An analysis of a mixture shows that the technique is a good 
one for identifying components therein. 
A group of triptycene and related complexes 
containing Group V elements is also analyzed by FAB-MS and 
the results. in terms of relative abundances of fragment 
ions, are found to be consistent with known metal-carbon 
bond strengths. 
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A. Introduction 
Structural characterization of organometallic and 
coordination complexes can often lead to important 
conclusions concerning their functions and reactivities. To 
this end, inorganic chemists have utilized a large number of 
techniques in elucidating structural information. Included 
among these techniques are: infrared and uv-visible 
spectroscopy, nuclear magnetic resonance and x-ray 
crystallography. One of the most useful and informative 
techniques is mass spectrometry. 
A mass spectrometer is a device in which ionized 
molecules or charged fragments of molecules are created and 
sorted according to their mass-to-charge ratios. A mass 
spectrum is a plot of the number or abundance of the ions as 
a function of the mass-to-charge ratio of these ions. 
positive and negative ions can be analyzed. 
Both 
It is necessary, however, that the species to be 
analyzed be presented in a charged form in a high vacuum. 
Therefore, it is not too surprising that a significant 
amount of work has been carried out to devise different 
methods of supplying the ionized species. As a group these 
methods are called ionization techniques. 
Classical techniques are those that have been used 
the longest. The techniques that are considered to be 
"classical" now include: electron impact (EI), chemical 
ionization (CI), and field ionization (FI). A second group 
of ionization techniques, called desorption techniques, have 
2 
been developed in response to the single common disadvantage 
to the classical techniques, that of the requirement for 
presenting the sample to the ionizing device in the gas 
phase. These latter techniques are relatively new and will 
be discussed after an examination of the classical 
techniques. 
1. Classical Ionization Techniques 
i) Electron Impact (EI) 
Ionization by electron impact involves subjecting 
sample molecules, in the gas phase, to a beam of 70-100 eV 
electrons. An electron, colliding with a molecule, causes 
an ejection of an electron from the molecule creating an 
excited radical: 
AB + e ------..) * AB +. + 2e 
In this way molecular ions (ions of mass equal to the 
formula weight) are often observed. Alternatively, the 
excited molecule can undergo unimolecular decomposition 
producing both charged and neutral species 
.... 
"AB· 
- ~-----~A· 
+ B· 
+ 
Ions observed in the mass spectrum are representative of the 
sample molecule in that they correspond to fragments of it. 
Intensities of the fragments are proportional to the ease of 
the bond cleavages that formed them. From chemical 
3 
knowledge and the experience gained in observing the mass 
spectra of other similar complexes, the structure of an 
unknown molecule can be determined from its mass spectrum. 
Unfortunately there are shortcomings to the 
technique. For some molecules, intramolecular bonding is 
weak and so subjecting it to the electron beam results in 
complete decomposition and a mass spectrum that contains 
only small mass ions that bear little resemblance to the 
original sample molecule. Negative ions produced by EI 
(i.e. by electron capture) occur rarely; therefore 
potentially important information available from a negative 
ion spectrum is lost. Most importantly, EI requires that 
the sample molecules be presented to the ionizing beam in 
the gas phase. This precludes the availability of spectra 
from compounds that are either thermally labile, polar, 
ionic or of high molecular weight. 
ii) Chemical Ionization (CI) 
In chemical ionization, + reagent ions such as CHS 
+ 
and NH4 are formed by electron bombardment of high pressure 
gases such as methane and ammonia respectively. 
Interactions between the reagent ions and sample molecules 
introduced into the source area produce "pseudomolecular" 
ions. These are ions in which the sample molecule has 
gained or lost a proton (i.e. + -[M+H] or [M-H] ). By 
changing the reagent gas and its pressure inside the source, 
attack at structurally significant sites within the sample 
4 
molecule can be induced, resulting in fragmentation. 
Therefore, in CI, the problems of uncontrolled 
fragmentation and the abse~ce of negative ion spectra, 
problems normally encountered in EI, are overcome. The 
necessity of sample volatilization, however, remains. 
iii) Field Ionization (FI) 
Sample molecules, in the gas phase, can be ionized 
by subjecting them to a very intense electric field. This 
technique is a very good one for providing a large abundance 
of the ionized intact sample molecule, but the molecules 
gain very little internal energy. Therefore fragmentation 
is minimal and the structurally important information 
available from fragment ions is lost. 
Therefore, because of instability to heat or general 
non-volatility, compounds that are either thermally labile, 
polar, ionic or of high molecular weight cannot be analyzed 
using any of the "classical" techniques. Over the last ten 
to fifteen years, several new methods have been developed 
which eliminate the need for heating the sample so that it 
can be ionized in the gas phase [1]. Collectively these new 
methods are called "desorption" techniques. 
2. Desorption Techniques 
Desorption techniques are, as the name implies, a 
method of desorbing ionic species directly from a surface 
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into the gas phase. The technique mayor may not also be 
responsible for formation of ionic species within the 
surface. The major techniques currently in use are: field 
desorption (FD), electrohydrodynamic desorption (EHD), laser 
desorption (LD), plasma desorption (PD), secondary ion MS 
(SIMS) and fast atom bombardment (FAB). The latter 
technique will be discussed under a separate heading since 
it is central to this thesis. 
i) Field Desorption (FD) 
It is known that heats of vaporization of biological 
molecules deposited on a surface are reduced in the presence 
of a strong electric field gradient [2]. 
In a modification of field ionization, suggested 
initially by Becky [3], carbon microneedles, deposited on a 
fine tungsten wire, are coated with the analyte in a 
conducting solution. Resistive heating of the wire causes 
the solvent to evaporate and the sample to melt, allowing it 
to flow freely. Application of a strong electric field 
induces formation of pseudomolecular ions by alkali ion or 
proton attachment. Due to the electric field, the ions thus 
formed migrate toward the microneedle tips where they are 
desorbed, or field evaporated. 
The major disadvantage to this technique is that the 
desorbed ions have very little internal energy, as in field 
ionization. Therefore few fragment ions are observed. 
Increased heating of the wire induces molecular 
6 
fragmentation, but again for thermally sensitive compounds 
this may be undesirable. 
Transient spectra and poor reproducibility due to 
the variability of the carbon microneedle surface are other 
problems. 
ii) Electrohydrodynamic Desorption (EHD) 
Electrohydrodynamic desorption is another 
modification of the field ionization technique. In EHD, a 
sample beam is produced by the interaction of a conducting 
liquid meniscus with a strong electric field [4,5]. The 
electric field causes the meniscus to form a sharp cone. At 
a sufficiently high field strength, particles at the tip of 
the cone are both field ionized and field evaporated to form 
a sample beam. The beam is sustained by forming the 
meniscus at the end of a capillary tube through which the 
sample, in a suitable solvent, is drawn. 
Like FI and FD, ions are desorbed with very little 
internal energy, therefore very little fragmentation is 
observed. The main source of observable fragment ions is 
from solution phase reaction products [5]. 
iii) Laser Desorption (LD) 
In this technique, conceived by Mumma and Vastola 
[6], the sample is applied as a thin layer onto a glass or 
metal support which is then subjected to a pulse of laser 
energy. The very high and localized heat of the laser pulse 
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is absorbed into the sample lattice disrupting 
intermolecular bonds at the lattice surface. Both ionic and 
neutral species are ejected. 'The technique has recently 
been reviewed [7,8]. 
Due to the single shot nature of the experiment, 
ions are detected with a time-of-flight (TOF). Therefore 
mass range and resolution are limited. The ions can also be 
detected with an FT analyzer, however operation of these 
instruments are not as simple. Reproducilbilty is also poor 
due to the many factors associated with the laser pulse. 
Sample matrix effects are also common. 
iv) 252 Cf Plasma Desorption (PD) 
The technique, introduced by Macfarlane and 
Torgensen [2], involves placing the sample in a suitable 
solvent on a thin metal foil which is placed in front of a 
fission source. Spontaneous fission of the 252 Cf nucleus 
produces an ion with energy in excess of 100 MeV. The 
fission fragments pass through the foil and are deposited 
into the sample matrix. Pseudomolecular ions as well as 
bond cleavages and losses of small neutral molecules result. 
Ions desorbed from the surface are accelerated into a TOF 
analyzer. 
Disadvantages of the technique include the mass 
range and resolution problems associated with TOF analyzers 
and of course the special precautions required when handling 
radioactive isotopes. 
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The main advantages of the technique are that very 
large molecules can be des orbed and that very little sample 
is used in a single analysis so the method is practically 
non-destructive. 
v) Secondary Ion Mass Spectrometry (SIMS) 
The first successful utilization of SIMS to analyze 
polar and involatile organic substances was by Benninghoven 
[ 9 ] • Previous attempts yielded very short-lived ion 
currents followed by sample surface charging and thermal 
degradation. Benninghoven found that by reducing the 
bombarding ion flux, much longer lasting ion currents could 
be obtained. Also, by angling the incident ion beam, so 
that only about a monolayer of sample was bombarded, 
radiation damage was minimized. The bombarding ions 
+ + normally used in SIMS are Ar or Xe • 
For some types of compounds, though, informative 
spectra were unobtainable. Problems involved with the SIMS 
technique include: low ion currents due to the lowered 
incident beam flux, surface charging of insulating 
compounds, and difficulties in steering a charged ion beam 
(the bombarding ions) onto a surface that is so close to the 
accelerating field. 
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3. Fast Atom Bombardment (FAB) 
- . 
i) Introduction 
Fast atom bombardment is a relatively new technique 
(as are all of the desorption techniques). It was 
introduced by Barber and co-workers in 1981 [10,11]. Their 
motivation was to be able to have an ion source that could 
be fitted to a large double-focussing mass spectrometer and 
so utilize the wide range of special techniques available 
with these instruments. These include accurate mass 
measurement and metastable ion scanning. 
For a while SIMS seemed to be such a source; 
however, because of the problems associated with it (see 
above), it seemed that there would be some types of 
compounds for which the mass spectra could not be obtained. 
A more universal technique was needed. 
It seemed simple then to substitute a neutral atom 
beam for the charged one used in SIMS. Atom guns producing 
a neutral beam of fast-moving particles were available so 
this was not a problem. For example the saddle field gun 
[12a) and the capillaritron [12b] are two of the most often 
used atom guns. 
The second innovation by Barber et al., and what 
clearly distinguishes FAB from SIMS, was the introduction of 
the sample as a solution in a liquid "matrix" material. The 
matrix, in which the sample is dissolved, serves to prolong 
the lifetime of the spectrum by constantly regenerating (via 
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diffusion) the surface that is exposed to the bombarding 
atom beam. That the matrix is necessary has been 
illustrated by the observation that only transient spectra 
were obtained when solid organic samples were exposed to the 
atom beam [13]. The first matrix to be used by Barber's 
group was glycerol [14]. This matrix was chosen because of 
its low vapour pressure, high viscosity and its wide ranging 
solvation properties. 
A schematic of the typical FAB ion source is shown 
in Figure 1. The analyte, as a solution in a suitable 
liquid matrix, is applied as a thin layer (a) on the surface 
of a small metallic probe tip (b). The probe tip, in turn, 
is inserted into the end of the probe (c) which is inserted 
through vacuum locks into the source area. The atom gun (d) 
provides a beam of fast moving neutral particles (e) which 
are incident upon the sample surface. Interactions between 
the atom beam and the sample surface produce sputtered ionic 
species (f) which are directed toward the mass analyzer (g) 
by means of an extraction field (h). 
There are several factors involved in the FAB 
technique that make it advantageous over the classical 
techniques and over the desorption techniques discussed 
above. These are: 
a) analyzable species are sputtered from the solution 
surface, therefore no heating is required to bring the 
analyte into the gas phase. Therefore many compounds 
that are thermally sensitive may be examined by FAB, 
Figure 1. Schematic Diagram of the Typical Fast Atom 
Bombardment Ion Source 
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a) sample in a liquid matrix; b) metallic probe 
tip; c) probe; d) fast atom gun; e) neutral 
particle beam; f) sputtered ionic species; 
g) mass analyzer; h) extraction plates 
(taken from ref. [14]). 
• 
• • @] •• • 
• • • 
• 
• 
• 
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b) the bombarding atom beam is neutral so the problems of 
surface charging and beam steering that accompany the 
SIMS experiment are avoided, 
c) sputtering allows for analysis of both positive and 
negative ionic species, 
d) presentation of the analyte as a solution in a liquid 
matrix allows for longer lived spectra. Sputtered or 
radiation damaged species are replaced by diffusion from 
the bulk solution. Therefore the incident atom beam flux 
can be increased compared to SIMS, resulting in higher 
ion currents. Longer lived spectra also allow for 
accurate mass measurement and metastable scanning as well 
as repeated analyses for reproducibility checks, 
e) a large mass range is available due to the use of 
double-focussing mass spectrometers, 
f) sample preparation is relatively simple, 
g) the strength of the neutral atom beam-sample 
interaction is intermediate between EI, where total 
sample degradation may be observed, and FD, where almost 
no fragmentation is observed. The energy of the atom 
beam can be varied somewhat so some degree of control 
over the extent of fragmentation is available. 
Therefore, based on these advantages, FAR is the 
favoured technique for the analysis of organic and 
organic-containing compounds. This includes many 
coordination and all organometallic complexes. 
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ii) The Nature of the Interaction 
It might be useful at this point to consider the 
. I • 
nature of the interaction between the incident neutral atom 
beam and the analyte/matrix solution. This interaction 
contains two elements for which much experimentation has 
been performed. These are the source of the ionic species 
and the mechanisms involved in their formation. 
It is unclear. whether ions are sputtered solely from 
a thin layer near the surface [16,17] or whether there is a 
contribution from the bulk solution [15]. Wong et al. [18] 
have proposed a surface self-cleaning mechanism in which 
radiation damaged species are sputtered along with the 
relevant ionic species leaving a clean surface after each 
sputtering event. Several studies have shown that the 
information obtained by FAB correlates well with known 
solution physical properties of the bulk solution such as 
dissociation equilibria [19-21], solution concentrations of 
metal cation-crown ether complexes [22] and solution 
dynamics [23]. 
The mechanisms of ion formation are equally 
uncertain. However several mechanisms have been proposed. 
Preionized compounds such as salts and strong acids 
and bases dissociate in solution yielding cationic and 
anionic species: 
+ nX 
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Ion clustering produces species of higher molecular weight: 
----------~~ [(M+)nXn - 1 ]+ + x 
-------------~) M+ + 
These species are then sputtered and analyzed. 
Electrons formed by collisions with incoming neutral 
atoms and analyte or matrix molecules can be ejected from 
(or captured by) analyte molecules giving molecular ions 
[24] : 
M --------------~) M+· + e 
and M + e 
The kinetic energy contained in the incoming atoms 
is dissipated through vibrational motion of the 
ana1yte/matrix lattice. Quite often, especially so in 
protic matrices such as glycerol, the vibrational energy 
imparted is sufficient to produce homolytic bond cleavages 
leaving hydrogen and other free radicals [24]. Combinations 
of these radicals with analyte or matrix molecules can 
produce a variety of ions including pseudomolecular ions: 
M ~ (M-H)· + H" 1 +e-
(M-H)-
+ G ') (M+H)+ + (G-H)" 
+ G '> (M+H)- + (G-H)" 
+ (G-H)" > (M-H)+ + G 
where G represents a matrix molecule. Since almost all 
matrices commonly in use contain relatively weak bonds to 
hydrogen, pseudomolecular ions of these types are the most 
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often found ions in the FAB mass spectrum. 
Therefore three types of ions may be found in the 
FAB mass spectrum: intact cations and/or anions, molecular 
ions, and pseudomolecular ions. The types and amount of 
each of these ions will depend to a large extent on the 
nature of the matrix. Therefore it is important that 
careful consideration be taken in choosing the matrix and in 
light of the spectrum obtained, interpretation should take 
into account the possibility of all of the above mechanisms 
occuring to varying degrees. 
iii) Applications to Organometallic and Coordination 
Complexes 
While the motivation for the discovery of the 
technique was to provide a method for analyzing thermally 
unstable and biologically important molecules, the technique 
of FAB-MS soon found applications to many organometallic and 
coordination complexes for which other techniques had proved 
intractable. Several papers reviewing these applications 
have appeared [26-28] and as expected for any new technique, 
more and more are found with time. In this section will be 
discussed some of the results obtained by other workers, 
especially where these results are relevant to the work 
presented in this thesis. 
Barber et ale were among the first to publish a 
complete study of a group of organometallic compounds [29]. 
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They obtained the FAB spectra of a series of cobalamines 
(see Figure Z) including the methy1-, hydroxy- and cyano-
(vitamin BiZ) derivatives "a~d'of·the coenzyme of vitamin 
BiZ" The matrix used in the experiment was glycerol. 
Both positive and negative ion spectra were 
obtained, with the negative ion spectrum giving less 
fragmentation information overall. A pseudomo1ecu1ar ion of 
good intensity was observed in both operating modes (i.e. 
[M+H]+ and [M-H] ). 
In the positive ion spectrum, an intense peak at m/z 
13Z9 corresponded to loss of the axial ligand (CH 3 , OH or 
CN). Major fragments occurring from the m/z 1329 fragment 
were due to losses of acetamide and cobalt, but mostly due 
to losses from the other axial chain including, initially, 
loss of the dimethyl benzimidazole group followed by the 
sugar and then the phosphate to give the base peak in the 
spectrum at m/z 971. 
Application of the technique to neutral and 
relatively non-polar substances was demonstrated by the same 
group [10] with the spectrum of the thermally labile and 
moisture sensitive mixed silicon-rhodium organometallic 
complex shown below: 
~---Rh~ 
Figure 2. 
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Structure of Cobalamine Derivatives Analyzed by 
Fast Atom Bombardment (taken from ref. [27]). 
989 
971 
-2H 
1069 
Cyanocobalamin 
Methylcobalamin 
Hydroxocobalamin 
Coenzyme B12 
"1_-+------1183 
CH, 
CH, 
OH 
HO OH 
H 
Mol. wt. 
1354 -+- 1 
1343 + 1 
1345 + 1 
1578 ... 1 
1270 
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The molecular ion was observed in the spectrum with good 
intensity as well as fragments resulting from the loss of 
the neutrals C8 H4 , (CH30)3Si and (CH30)3Si(CH2)2' and 
(CH30)3Si(CH2)3. The rhodium-cyclopentadiene portion was 
+ the last to fragment giving the Rh ion. This study was 
unique in that no matrix was used since the complex is a 
liquid at room temperature. 
FAB and FD spectra of organoarsenicals in foodstuffs 
were obtained by van der Greef and de Brauw [30]. Their 
high resolution FAB mass spectrum of actual marine extracts 
(crab) in glycerol showed a peak identified as the 
protonated arsenobetaine, High 
resolution was required since the arsenic containing 
molecular species were present in low concentrations. The 
FD spectra showed, in some cases, + no or very weak [M+H] 
ions as well as less fragmentation. 
Miller and Fulcher [31] have compared the EI and FAB 
mass spectra of some Group IV organometallic halides of the 
type (phenyl)3MCl where M= Ge, Sn, and Pb, (phenyl)3PbX 
where X= Cl, Br and I, and Sn(phenyl) C1 4 • They found n -n 
that FAB gave a lower intensity molecular ion than did EI 
and that in FAB halide loss was preferred over loss of a 
phenyl group while in EI the opposite was true. 
Fragmentation pathways in both ionization methods were 
similar with the exception of the presence of matrix adducts 
in FAB. For example, in a sulfolane matrix, peaks 
19 
+ + 
corresponding to M(phenyl)3sulf2 and M(phenyl)3sulf were 
observed. 
'., . 
Another study by Miller et ale [32] compared the EI 
and FAB mass spectra of hexamethylphosphoramide (HMPA) 
adducts of phenyl tin(IV) and phenyl lead(IV) halides. As 
was observed above, the major difference in the spectra 
obtained was a preferential loss of halide as compared to 
phenyl in FAB while the opposite was found in EI. Parent 
ions were not observed using either technique; however, in 
FAB there were more metal-containing ions containing an HMPA 
molecule. It was suggested that this was a result of the 
softer ionization obtained with FAB. 
Dalietos et ale have compared the FAB, FD and 
desorption chemical ionization (Del) mass spectra of 
cis-dichloroplatinum amino acid and peptide complexes [33]. 
They found that FD gave very little fragmentation 
information and so was of very little use in structural 
characterization. FAB spectra, on the other hand, contained 
many fragment ions. With respect to the platinum complexes, 
the negative ion spectra contained abundant [M-K]- and 
[M-H]- ions as well as considerable fragmentation and ions 
due to adducts with water and glycerol. The positive ion 
spectra were dominated by the alkali ion. 
Johnstone and Lewis [22] have examined the crown 
ether complexes of alkali and alkaline earth cations. Their 
results suggest that it may be possible to use the FAB mass 
spectral fragmentation data as a measure of the stability 
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constants of crown ethers with cations since, for their 
system, the ion intensities correlated with the known 
solution behaviour of the complexes. 
Davis et ale [34] have obtained the FAB mass spectra 
of a large number of mono- and poly-nuclear transition metal 
complexes that did not give EI mass spectra. They found 
that all of the compounds gave spectra that were 
structurally informative, but that not all of the compounds 
gave molecular or pseudomolecular ions. However, the 
highest mass ion observed in every case was in agreement 
with the known solution behaviour of that compound. For 
example, complexes of the type [M(PPh 3 )4] (where M= Pd and 
Pt) are known to dissociate in solution to give [M(PPh 3 )3]. 
The spectrum for M= Pd did indeed show as the highest mass 
ion, [Pd(PPh 3 )3]+o. Glycerol was used as the matrix. 
Blumenthal et ale [35] have used FAB to characterize 
high molecular weight ruthenium-gold complexes. The 
compounds, all analyzed using thioglycerol as matrix, gave 
molecular or pseudomolecular ions and enough fragment ions 
to be structurally informative. As an example, the complex 
RU3AU2(~3_S)(CO)9(PPh3)2 gave the molecular ion, M+', at m/z 
1504 followed by a series of peaks corresponding to 
successive losses of the nine carbonyl groups. Finally a 
peak at m/z 1176 is due to the loss of 9 CO and a phenyl 
group. 
A comparison of the FAB and FD mass spectra of 
selected ~ 3-allylic complexes of Pd and Ni by Tkatchenko et 
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ala [36] showed that while FD gave a more intense molecular 
cation, FAB gave more fragment ions from which a structural 
identification could be maae.· They found that the principal 
fragmentations occurred between metal-ligand bonds. In a 
mixture of two complexes, they observed peaks due to the 
exchange of ligands. 
Sharp et ale [37] have studied some organometallic 
complexes of Rh, Ir and Pt in which a cumulene ligand is 
attached to the metal in either a ~- or it-bonded manner. 
They found that principal fragmentations occurred via loss 
of intact ligands (in this case a cumulene) and that the 
observed fragmentations were consistent with the known 
solution chemistry of the complexes. They concluded that 
the most readily lost ligands are those that are anionic 
followed by unsaturated organics. The most difficult 
ligands to lose, compared to the other ligands, were the 
~-acids such as CO and PPh 3 • 
Cationic technetium(III) complex salts were examined 
using FAB by Cohen et ale [38]. The mass spectra of the 
compounds (see Figure 3 for the general structure of the 
complexes) showed intense complex cations ([C+]) as well as 
distinctive fragmentation information. The principal loss 
from the [C+] ion was an intact ligand, D to give the ion 
A correlation was observed between known metal-ligand 
bond strengths and the ease of ligand loss as measured by 
the ratio [C+]/[W+]. It was found that alkyl phosphine 
ligands form more stable chelate bonds than do phenyl arsine 
Figure 3. 
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Structure of Cationic Complex Salts of Tc or Fe 
Containing Phosphine and/or Arsine Ligands. 
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and/or phosphine ligands. 
The authors also found that changing the counter 
anion, An-, had no effect tin the spectra. This, as we shall 
see, is in contradiction with the results presented in this 
thesis. 
Divisia-Blohorn et ale [39] have also examined 
cationic transition metal complexes using the FAB technique. 
The complexes of interest were Ir(III) and Rh(III) 
coordination complexes containing bidentate nitrogen-donor 
ligands. Two matrix-analyte reactions were observed, 
presumably initiated by particle bombardment. First, in 
thioglycerol as matrix, one or two Cl atoms were replaced by 
TGL radicals. This substitution occurred more rapidly for 
the Rh complexes. Secondly, when a ligand contained the 
diazo functional group, it was hydrogenated once or twice 
depending on the ability of the matrix to generate hydrogen 
radicals. Only in glycerol was the diazo group observed to 
be hydrogenated, since hydroxy protons are more reactive 
than the equivalent protons in thioglycerol. The hydrogen 
radicals must originate from the matrix since on using 
deuteroglycerol, the diazo group was deuterated. 
Unger [40] has combined the technique of MS/MS with 
FAB in a study of a series of cationic technetium and iron 
coordination complexes as shown in Figure 3. Structural 
characteristics such as site of oxidation and relative 
stability to ligand dissociation were obtained from the 
MS/MS spectra. The advantage of using mUltiple MS is that 
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peaks due to the matrix and background, which clutter a 
normal mass spectrum, are absent. From his results, Unger 
. ~ , 
has determined that the major factors controlling ligand 
dissociation for these complexes are the steric requirements 
of the alkyl group attached to the coordinating As or P 
atoms (Y in Figure 3) and the nature of the central metal 
atom. Identity of X, whether it was Cl or Br, seemed to 
have no effect on the mass spectra. 
Hacksell et ala [45] have used FAB to help 
characterize two stable glycopyranosyl palladium complexes 
(spectra Figure 4). The highest mass ion in either spectrum 
corresponded to loss of chloride from the parent molecule, 
giving the intact complex cation. While the authors do not 
mention it in the text, relative binding strengths of 
triphenyl phosphine and triphenyl arsine groups correspond 
to the relative intensities of the ions resulting from the 
loss of each group. From solution studies, we expect arsine 
groups to be more weakly bound than the corresponding 
phosphine group. The spectra do indeed show that the ratio 
of the ions [M-Ph 3 XC1]+/[M-Cl]+ is much greater when X = As 
than when X = P. The authors do not state which matrix they 
have used for the study. 
Bojesen [41] has examined a large number of 
coordination complexes containing polypyridyl ligands. As 
matrix he used either glycerol or sulfolane, however, only 
one matrix was used for each complex. The highest mass ions 
found in the mass spectra were of the form [MLnX]+ or 
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Figure 4. Positive Ion FAB Mass Spectra of Triphenyl 
Phosphine (top) and Triphenyl Arsine (bottom) 
Derivatives of a Glucopyranosyl Palladium Complex 
(taken from ref. [45]). 
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Since all of the transition metals used in his 
study were in the +2 or +3 oxidation state, then there must 
' .. 
be a reduction of the complexes in some cases to give the 
(ML ]+ ions. 
n 
Bojesen does not account for this observation. 
Some ligand fragmentation was observed. No matrix adduct 
ions were observed and the FAB spectrum of a mixture of two 
different complexes showed that ligand exchange did not 
occur. 
Although many of the complexes studied by Bojesen 
contained mUltiply charged transition metals, only one 
multiply charged complex cation was observed, the 
matrix used was sulfolane. Unfortunately he did not analyze 
the same complex in the other matrix nor did he analyze the 
other Ru containing complex ([Ru(tpen)] (Cl0 4 )2) in the 
matrix sulfolane. Therefore no conclusions can be drawn 
about the effect of the matrix on the production of multiply 
charged ions. The results presented in this thesis show 
that the matrix does have an effect on the appearance of 
multiply charged ions. Bojesen concludes that FAB is well 
suited as a technique for the structural characterization of 
coordination complexes. 
A series of three papers by Cerny et ale [42-44] 
describe the FAB mass spectra of some coordination 
complexes. The probable mechanisms of fragmentation were 
determined. These papers are important to this thesis in 
that the coordination complexes studied by Cerny et ale are 
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very similar to those studied in the first part of this 
thesis. 
The first study [42] compared the FAB and FD mass 
spectra of some cationic transition metal complexes in which 
the metal was in a neutral, +1 or +2 oxidation state. It 
was concluded that for neutral complexes, FD gave more 
information about the parent molecule while FAB gave more 
fragmentation information. Therefore the methods should be 
complementary. For +1 complexes FAB is the preferred method 
giving both molecular ion and fragment information. For +2 
complexes, there did not seem to be a preferred method since 
both FAB and FD gave poor spectra. 
Several generalizations were made concerning the 
fragment ions found in the FAB mass spectra of these 
complexes: 
a) monodentate ligands were lost in preference to 
bidentate ligands. 
from fragment ions. 
Bidentate ligand loss occurred only 
b) redox processes produce many fragment ions. Fragment 
ions were produced by a reduction of the formal oxidation 
state of the metal center, 
c) where data were available, there was a parallel 
between ligand loss and ease of reduction in FAB and 
ground state solution substitutional and redox chemistry 
of the complexes. 
In another study [43] a series of bis(alkyl 
imidazole) Cu(I) and Cu(II) chelates were analyzed using 
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FAB. The spectra were obtained using glycerol as matrix. 
The overall charge of the complexes was either neutral, +1 
or greater than +1. I . Complexes with +1 charge gave the 
intact complex cation as the highest mass ion in the 
positive mass spectrum. Neutral complexes were protonated, 
presumably by the matrix. Of most interest were complexes 
with overall charge greater than +1. In no case were 
mUltiply charged ions observed. Three processes to explain 
their absence were proposed: reduction of Cu(II) to Cu(I) 
by loss of an anionic ligand as a radical, reduction of 
Cu(II) by addition of an electron and, in the case of the 
dinuclear complexes, by clustering with anions. Therefore, 
for this system, some mechanism is in effect in which 
mUltiply charged ions are disfavoured. 
In the most recent study by this group [44] a series 
of organometallic derivatives of Ru(II) as Os(II) were 
analyzed by FAB and FD. All compounds contained two 
2,2'-bipyridyl (bpy) ligands, with the remaining 
coordination sites occupied by either n2-alkene, ~2-alkyne, 
carbonyl, alkyl or hydrido ligands. They found, as 
expected, that while FD gave a more intense molecular ion, 
FAB gave more fragment ions on which a structural 
identification could be based. 
From an analysis of the mass spectra (an example of 
which is shown in Figure 5) the fragmentation pathways were 
shown to be of four types: 
a) redox fragmentation of metal-ligand bonds (i.e. 
Figure 5. Positive Ion FAB and FD Mass Spectra of 
[Os(bpY)2(3-hexyne)Cl]PF 6 
(taken from ref. [44]). 
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homolytic dissociation), 
b) simple loss of neutral ligands, 
c) oxidative addition of coordinated bpy, and 
d) reductive elimination of HX (where X= Cl, H or alkyl). 
Again for this system, no multiply charged ions were 
observed. As we shall see, for the first group of the 
complexes studied in this thesis, some of these mechanisms 
are followed. However, there are some important differences 
that will be expanded upon in the discussion. 
In summary then the following features are expected 
to be found in the FAB mass spectra of organometallic and 
coordination complexes. Compared to field desorption, more 
structurally relevant information is contained in the FAB 
mass spectrum. Major fragmentations occur via losses of 
intact ligands. In studies in which a counter anion is 
present in the parent molecule, there mayor may not be an 
effect on the spectrum. Multiply charged ions are, almost 
without exception, not found, even if an intact polycation 
is present in the parent molecule. 
The general tendency in all of the reports described 
above is for the information contained in the FAB mass 
spectrum to correlate well with the known solution chemistry 
of the analyte and the matrix being studied. 
4. Scope of the Thesis 
The objective of this thesis is to show that mass 
spectrometry and in particular the technique of Fast Atom 
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Bombardment (FAB) for providing mass analyzable species is 
useful for the structural characterization of organometallic 
and coordination complexes. In order to achieve this 
objective, two large but quite different groups of compounds 
were obtained. 
i) Ruthenium(II) Polypyridyl Coordination Complexes 
Growing interest in the use of ruthenium(II) 
polypyridyl complexes to photochemically catalyze the 
photoreduction of water has prompted many research groups to 
synthesize and characterize many new types of these 
complexes. Interest lies mainly in making the complexes 
with different numbers and types of polypyridyl ligands, the 
simplest of which is bipyridine. One of the most useful 
isomers of this molecule is 2,2'-bipyridine: 
N N 
The polypyridyl ligands can be thought of as being Lewis 
bases which coordinate via electron donation to the central 
metal atom which can be thought of as being the Lewis acid. 
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Substitution in the pyridine rings and/or further 
linking of the rings as in 1,10-phenanthroline: 
. \ 
N N 
has, as expected, a profound effect on the reactivity of the 
ligand toward the metal as well as on the complex itself. 
The solution physical properties of many of these ligands 
and the complexes formed by them have been thoroughly 
investigated and tabulated [46-49]. 
We have obtained a large number of the ruthenium(II) 
polypyridyl derivatives and we have recorded the FAB mass 
spectra of all of them. Examination of the spectra will 
allow us to confirm the observations noted by other workers 
on similar type systems, especially the studies reported by 
Bojesen and Cerny, et ale [41-44]. The fragmentations 
observed will be explained in terms of the solution 
basicities of the ligands as well as in terms of 
stereochemical and electronic effects caused by coordination 
of the ligands to the central metal atom. Aspects of the 
fragmentation mechanism that have not been fully explained 
by other workers will also be investigated. A mechanism 
will be proposed that will explain the role of the matrix in 
the production of doubly charged ions. The FAB technique 
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will be used to examine its application to the analyis of 
unknown mixtures. 
ii) Group V Triptycenes and Related Complexes 
The second group of complexes are true 
organometallic complexes and therefore quite distinct from 
the preceding coordination complexes. These are complexes 
containing the main group elements from Group V: P, As, Sb 
and Bi. The structures of the complexes are as shown in 
Figure 6. 
Both EI and FAB spectra were obtained for the 
complexes. Therefore a comparison will be made of the two 
techniques and of the spectra obtained by both methods. 
Figure 6 shows the general structure of the complexes. 
A comparison will also be made based on the identity 
of the central metal atom. It is expected that as one goes 
down Group V (i.e. from P to Bi), that bonding to carbon 
would change significantly. Therefore this change should be 
noticed in the abundance of fragment ions formed by cleaving 
metal-carbon bonds. This will be investigated and, if found 
to be true, then the FAB technique will have been shown to 
be useful in structural characterization for these complexes 
too. 
Figure 6. General Structure of Group V Triptycenes 
And Related Complexes. 
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B. Experimental 
" . 
1. Instrumentation 
Positive ion FAB and EI mass spectra were recorded 
on a Kratos (AEI) MS-30 double beam mass spectrometer. The 
instrument has been modified to include a Kratos FAB source 
in beam one and an MS-80 magnet that increases the available 
mass range to about m/z 1000 at 4kV accelerating voltage. A 
schematic of the system is shown in Figure 7. 
Samples for EI analysis were admitted via a direct 
insertion probe into the beam two source area which was 
o 
heated to 180 C. 70 eV electrons were used for bombardment. 
Fast atom bombardment was provided by an Ion Tech 
Ltd. saddle-field type fast atom gun. Argon or xenon were 
used as the bombarding atoms. The gun was operated at 
approximately 1.0 mA providing 6-8 keY fast atoms. 
Data were collected as peak time centroids and then 
converted to masses, offline, using an interfaced Kratos 
DS-55 datasystem. Resolution was approximately 1000 and the 
magnet was scanned at 10 seconds/decade. Calibration of the 
magnet scan was performed using tris-(perfluoroheptyl)-
S-triazine (HPT) for FAB spectra and perfluorokerosene (PFK) 
or an HPT/PFK mixture for EI spectra. 
Some of the important DS-55 data system programs 
are: PLOT for obtaining pictorial representations of the 
mass spectra, QUAN for quantitative reports with respect to 
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Figure 7. Schematic Diagram of Kratos (AEI) MS-30 System 
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peak masses and intensities, PKAVG for averaging individual 
scans and SUBTR for removing matrix and/or background peaks. 
Theoretical isotopic cluster patterns were obtained 
using either of the computer programs BMASROS or DMASCAL. 
The program BMASABD used a least squares approach to 
deconvolute overlapping peak clusters. Given a cluster of 
peaks containing a number of different species, and the 
expected contribution from each of the species, the program 
calculates the percent composition due to each of the 
different species. 
The single negative ion FAB mass spectrum was 
recorded on a VG Analytical ZAB-E mass spectrometer. 
8 is a schematic of this system. 
Figure 
This instrument uses the same FAB gun and operating 
conditions as did the Kratos spectrometer. Calibration was 
achieved by matching cesium iodide cluster peaks. 
2. Source of the Compounds Analyzed 
i) The ruthenium(II) coordination complexes were 
obtained from Dr. G.B. Deacon of Monash University, 
Australia. They are the result of the PhD thesis work of 
Dr. N.C. Thomas. Preparations of most of the complexes have 
appeared elsewhere [50]. Most of them have been 
characterized by other methods such as HPLC, x-ray 
crystallography and elemental analysis. 
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Figure 8. Schematic Diagram of VG Analytical ZAB-E System 
(taken from sales literature) 
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A list of the complexes analyzed for this thesis is 
given in Table 1. Diagrams of the ligands contained in the 
complexes, as well as the abbreviations used for them in 
this report, are shown in Figure 9. 
ii) The Group V organometallic complexes were obtained 
from Dr. A.G. Massey of Loughborough University, U.K. 
Preparations of these complexes have appeared elsewhere 
[51]. Table 2 is a list of the complexes analyzed. 
3. FAB Sample Preparation and Analysis 
The ruthenium(II) complexes were prepared for 
analysis by premixing 1-5 yg of the solid complex with 10 ~l 
of the solvent. For the Group V complexes, a saturated 
solution in the chosen matrix was prepared. Table 3 is a 
list of the various matrix materials used in this study and 
the sources of each. 
The appropriate solution was then applied to the 
surface of a bevelled stainless steel probe tip of 2mm 
diameter until the entire surface was covered. This 
required about 2~1. The probe tip was next inserted into 
the end of the probe which was then inserted through a 
series of vacuum locks into the source area. 
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Table 1. Ruthenium(II) Po1ypyridy1 Coordination Complexes 
[RuL3 ]X2 series 
[Ru (bpy) 3 ] (P F 6) 2 
[Ru (bpY)3 ] (CF3S03 )2 
[Ru (bpY)3 ]C1 2 
[Ru (phen)3 ] (PF6 )2 
[Ru (phen)3 ] (CF3C02 )2 
[Ru (dpa)3 ] (PF6 )2 
[Ru (dmb)3 ] (PF6 )2 
[RuL2L'JX2 series 
[Ru (bpY)2 (phen) ] (PF6 )2 
[Ru (phen)2 (bpy) ] (PF6 )2 
[Ru (dmb)2 (bpy) ] (PF6 )2 
[Ru (dmb)2 (phen) ] (PF6 )2 
[Ru (bpy) 2 (dpa) ] (PF 6) 2 
[RuLL'L"JX2 series 
[Ru (phen) (dmb) (bqy) ] (PF6 )2 
[Ru (bpy) (dmb) (bqy) ] (PF6 )2 
[Ru (bpy) (phen) (bqy) ] (PF 6) 2 
[Ru (bpy) (phen) (dmb) ](PF6 )2 
[Ru (bpy) (phen) (dpk) J (PF6 )2 
[Ru (bpy) (phen) (tmp) ] (PF 6) 2 
[Ru (bpy) (dmb) (dib) ] (PF6 )2 
[Ru (bpy) (phen) (dzf) ] (PF6 )2 
[Ru (bpy) (phen) (dpa) ] (PF6 )2 
[Ru (dmb) (phen) (dpa) ] (PF6 )2 
[RuLLI (CO)C1]X series 
[Ru (bpy) (phen) (CO) C1 ] (PF6 ) 
[Ru (bpy) (dmb) (CO) C1 ] (PF 6) = 
[Ru (bpy) (Bq) (CO) ]C1 
[ Ru (bpy) ( tpy) C 1 ] (P F 6 ) 
Figure 9. Structures of Polypyridyl Ligands and the 
Abbreviations Used for them. 
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2,2'-bipyridine (bpy) 1,lO-phenanthroline (phen) 
4,4'-dimethyl-2,2'-bipyridine (drnb) 2,2'-biquinoline (bqy) 
4,4'-diisopropyl-2,2'-bipyridine (dib) 4,5-diazofluorenone (dzf) 
3,4,7 ,8-tetramethyl-l, lO-phenanthroline (-trnp) 
di - (2-pyridyl) amine (dpa) 
H 
r(YN'f) ~N i~J 
di-(2-pyridyl)ketone (dpk) 
o 
(tpy) 
benzoO-[)qulnolin-10-yl (Eq) 
Table 2. Group V Triptycenes and Related Complexes 
Tris(2-chlorophenyl) Derivatives 
P(C 6H4C1)3 
As(C 6H4C1)3 
Sb(C 6H4Cl)3 
Bi(C 6H4Cl)3 
Tris(2-bromotetrafluorophenyl) Derivatives 
P(C 6F4Br)3 
As(C 6F4Br)3 
Sb(C 6F4Br)3 
CH3Si(C 6F4Br)3 
Tris(tetrafluorophenyl) Derivative 
Triptycenes 
P2 (C 6F4 )3 
As 2 (C 6F4 )3 
Sb2 (C 6F4 )3 
Bi2 (C 6F4 )3 
(CH3Si)2(C 6F4 )3 
PSb(C 6F4 )3 
AsSb(C 6F4 )3 
42 
43 
Table 3. Matrices Used in the Analyses and Their Sources 
Matrix 
glycerol 
sulfolane 
monothioglycerol 
3-nitrobenzyl alcohol 
2-nitrophenyl octyl ether 
dimethylformamide 
diethylformamide 
Source 
Aldrich Chemical Co., 
Milwaukee, Wisconsin. 
BDH Chemicals Ltd., 
Parle, England. 
Sigma Chemical Co., 
St. Louis, Missouri. 
Aldrich Chemical Co., 
Milwaukee, Wisconsin. 
Fluka AG, 
Switzerland. 
J.T. Baker Chemical Co., 
Phillipsburg, N.J. 
J.T. Baker Chemical Co., 
Phillipsburg, N.J. 
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C. Results and Discussion 
1. Ruthenium(II) Polypyridyl Coordination Complexes 
i) Introduction 
The ruthenium(II) complexes that were analyzed are 
listed in Table 1. These are coordination complexes in 
which there are from one to three different polypyridyl 
ligands. These may include one or more of the following 
bidentate ligands: 2,2'-bipyridine (bpy), 
1,10-phenanthroline (phen), 4,4'-dimethyl-2,2'-bipyridine 
(dmb), 4,4 1 -diisopropyl-2,2'-bipyridine (dib), 
di-(2-pyridyl) amine (dpa), di-(2-pyridyl) ketone (dpk), 
2,2'-biquinoline (bqy), 4,5-diazofluorenone (dzf), 
3,4,7,8-tetramethyl-1,10-phenanthroline (tmp), and benzo(H) 
biquinolin-10-yl (Bq). Diagrams of the ligands as well as 
the abbreviations used for them in this report are as shown 
in Figure 9. 
Some of the complexes were coordinatively 
unsaturated with respect to the polypyridyl ligands and 
contained one or two of the monodentate ligands CO or Cl. 
One complex contained the tridentate ligand 
2,2 1 -6' ,Z"-tripyridine (tpy). 
The complexes, as shown in Table 1, were divided 
into four groups or series. Grouping was based on the 
45 
number and type of the ligands present in the molecule. The 
complexes of the series [RuL 3 ]X 2 contain three of one type 
of ligand. The positive ion FAB mass spectra for these 
complexes are shown as Figures A.l to A.7 in Appendix A. 
Table 4 is a summary of the spectra for these complexes. 
The complexes of the [RuLZL']X Z series contain two different 
ligands, however, one is present in the complex twice. The 
spectra for these are shown as Figures A.8 to A.12 and are 
summarized in Table 5. The series [RULL'L tI ]X 2 are complexes 
containing three different bidentate ligands. The spectra 
are shown as Figures A.13 to A.22 in Appendix A, and are 
summarized in Table 6. Finally, the series of complexes 
[RuLL'(CO)Cl)]X are those containing different types of 
ligands (i.e. mono-, bi- and tridentate). The spectra are 
shown in Appendix A as Figures A.23 to A.26. 
summary of the spectra. 
Table 7 is the 
The positive ion FAB mass spectra are averages of at 
least three consecutive scans. Each has had the matrix 
spectrum (Figure 10) subtracted. Important ions appearing 
in each spectrum are labelled with respect to the ligands 
contained in each ion. The notations L, L' and L" 
correspond to the ligands as shown in the spectrum title 
from left to right. The numerical label is that of the 
nominal mass of the peak of highest intensity in the 
cluster, which, for reasons that will be explained below, 
may not be the formula weight of the labelled ion. 
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Figure 10. Positive Ion FAB Mass Spectrum of 3-Nitrobenzyl 
Alcohol, the Matrix. 
3-nitro benzyl alcohol (NBA) 
1001 154 + [NBA+Hl 
-
136 
[NBA-OHl+ 
80 -
-
60 -
-
-
-
+ [NBA2-OHl 
289 
! ~l . I li II .LL .. j J 0~~~~li~5~'O~'~~~'2~O~O~~~2~5~O~~~3~O~O~~nl~3~5~O~~1~4TO~O-.r~'MI4~5~O 
m/z 
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Only ions above m/z 100 were included in the spectra 
when averaging. There were several reasons for doing this. 
First, the spectra below m/z 100 were dominated by ions such 
+ Na+ as K , and fragment ions from the matrix. Secondly, and 
most importantly, there should be no ions relevant to the 
ruthenium complexes below m/z 100 since all ligands have 
formula weights well above 100 (the smallest is bpy at 156 
amu). Also, the isotopes of a ruthenium atom alone range 
from 96 to 104 amu, therefore combinations of almost any 
elements with ruthenium will give ions in the mass spectrum 
above m/z 100 (assuming they have unit charge). 
Tables 4 to 7 summarize the positive ion FAB mass 
spectra of each series of complexes, giving relative percent 
intensities of major ions appearing in the spectra. For the 
most part, these are ruthenium containing ions, however, one 
important non-metal containing ion, the protonated ligand, 
is included. The values shown in a Table are given as a % 
of the total ion current for the ions listed in the Table. 
Isotope cluster peak intensities of the same 
elemental composition were summed for consistency in 
comparisons. This is important, especially for ruthenium 
containing ions since ruthenium has isotopes with 
significant natural abundance (>15%) from 96 to 104 amu 
(Figure lla). When in combination with other polyisotopic 
elements such as are found with these complexes (i.e. C, H, 
N, and 0) the isotope cluster can stretch over twelve to 
Figure 11. Isotopic Cluster Patterns 
a) 
b) 
top: Ru atom 
bottom: + [Ru(bpy)(phen)(dpk)](PF 6 ) 
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thirteen mass units (Figure llb). There are advantages and 
disadvantages to this. An advantage is that ruthenium 
containing peaks are easy to spot in the spectrum and from 
the highest intensity peak, the mass of the ion can be 
accurately assigned. One disadvantage is that species that 
have different molecular structure but that coincidentally 
have formula weights within 12 to 13 amu of each other, 
overlap in the mass spectrum. In such cases, many of which 
occur with these complexes, it is possible to deconvolute 
the clusters using the computer program BMASABD as described 
earlier. 
There are many factors to consider in examining the 
FAR mass spectra of the coordination complexes. These 
include: optimization of the matrix, the fragmentation 
mechanism, anion effects, observation of mUltiply charged 
ions, competitive ligand losses and mixture analysis. 
Therefore, the discussion will be organized in such a manner 
that each of these are discussed separately. 
ii) Matrix Optimization 
The matrix is one of the most important variables in 
the FAR experiment. Therefore, to obtain optimum results 
from the experiment, a pre-experiment should be performed to 
determine the best matrix material. The identity of this 
matrix will change with the particular type of analyte being 
studied. 
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The general matrix requirements as outlined by Gower 
[52] and DePauw [53] are: 
a) the analyte should be soluble in the matrix, 
b) the vapour pressure of the matrix should be low enough 
to ensure a relatively long sample lifetime in the high 
vacuum of the mass spectrometer, 
c) the matrix should be viscous but not so viscous as to 
prevent diffusion of the analyte molecules to the 
surface, 
d) ions from the matrix itself should be in low abundance 
or should be easily identifiable, and 
e) the matrix should not be destructively reactive with 
the analyte. 
Several commonly used matrices were available in the 
laboratory for a comparative study of the FAB mass spectra 
obtained for the ruthenium complexes. These were: glycerol 
(GLY), sulfolane (SUL), thioglycerol (TGL), 2-nitrophenyl 
octyl ether (NOP) [54], and 3-nitrobenzyl alcohol (NBA) 
[ 55] • These are generally recognized as the best matrices 
to be used for obtaining FAB mass spectra of transition-
metal containing complexes [53]. Also used were three 
matrix mixtures: 30% glycerol in sulfolane (SGL), 50% 
dimethylformamide in glycerol (DMG) and 50% diethyl-
formamide in glycerol (DEG). 
[Ru(bpY)3]{PF 6 )2 was chosen. 
For the comparison the complex 
The reasons for this choice 
were sample availability and simplicity of the spectrum 
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obtained. The samples were made up in approximately the 
same concentrations (approximately 10 pg of the analyte was 
dissolved in 10 pI of the matrix). All samples were 
analyzed at the same time to maintain similar machine 
operating conditions over the comparison. 
Following the matrix requirements above, several of 
the matrices were quickly eliminated. Both glycerol and 
2-nitrophenyl octyl ether suffered from poor solubility. 
Sulfolane, while dissolving the complex well, had a very 
high vapour pressure allowing only one or two scans before 
the ion current disappeared. 
The remaining matrices all satisfied the general 
requirements. Therefore, only a visual examination of the 
spectra obtained using each matrix would allow a final 
choice to be made. The spectra are shown as Figures 12a 
through 12e. Important peaks in the spectra are: [RuL 3 ]X 
+ 
(m/z 715), [RuL 3 ] + (m/z 570), [RUL 3 ]2+ (m/z 285), [RuL 2 ] + 
(m/z 413), [RuL]+ (m/z 257) and LH + (m/z 157). The spectra 
are shown only for the mass range 156-723. This range 
covers all of the ions of interest but none of the matrix 
monomer peaks. These are usually the most intense in the 
spectra and can dwarf peaks due to the analyte, therefore 
they were purposefully omitted so that analyte peaks could 
more clearly be seen. 
It was obvious that the matrices DMG and DEG gave 
the poorest results (Figures 12d and 12e). Ions from the 
Figure 12. Positive Ion FAB Mass Spectra of 
[Ru(bpY)3](PF 6 )2 in the Matrices: 
a) thioglycerol (TGL) 
b) 30% glycerol in sulfolane (SGL) 
c) 3-nitrobenzyl alcohol (NBA) 
d) 50% dimethylformamide in glycerol (DMG) 
e) 50% diethylformamide in glycerol (DEG). 
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analyte are barely visible and matrix cluster peaks are of 
high intensity. The purpose of mixing DMF or DEF with the 
glycerol was to increase the solubility of the analyte in 
the matrix glycerol. However, once inside the source area 
of the spectrometer, fractional distillation of the more 
volatile DMF or DEF may result in a sample that contains 
mostly glycerol. Since, as was observed, the solubility of 
the analyte in glycerol was poor, then a poor FAB spectrum 
was obtained. 
The three remaining matrices, TGL, SGL and NBA all 
gave FAB spectra that contained useful information, in the 
form of readily recognizable ruthenium containing peaks. 
However, the spectrum obtained using NBA was by far the best 
of the three. In the NBA spectrum, while the noise level 
was quite high, especially at the low mass end, most of the 
ion current was carried by peaks due to the analyte. In the 
TGL and SGL spectra, matrix cluster peaks account for a 
large proportion of the total ion current. Over the mass 
range chosen, NBA has only two matrix cluster peaks (see NBA 
spectrum Figure 10). 
+ [NBA 2 -OH] (m/z 289). 
These are: + [NBA 2 -H] (m/z 307) and 
The intensity of these ions compared 
to the intensity of analyte ions is very low. 
Therefore, based on the general matrix requirements 
and on the quality of the spectra obtained from each of the 
matrices, 3-nitrobenzyl alcohol was chosen as the optimum 
matrix for FAB analysis of the ruthenium(II) complexes. 
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One disadvantage to the use of NBA is the high level 
of noise or background present in the spectra. Most of this 
is due to the matrix (see Figure 10). Subtraction of the 
pure matrix spectrum from the spectrum with analyte present 
is efficient and removes much of the background. 
Fortunately, the high background that remains is at the low 
end of the spectrum where few peaks of interest appear. 
iii) Fragmentation Mechanism of the Tris-bidentate Complexes 
To determine a fragmentation mechanism, one must 
first identify all of the peaks appearing in the mass 
spectrum. Then through the consideration of known physical 
properties and previous observations made by other workers 
studying similar systems, relationships between the observed 
ions can be established. Observations of metastable ions to 
confirm the proposed mechanisms are also of use, 
unfortunately they could not be detected with our MS-30. 
In the spectra of the ruthenium complexes, 
identification of ions is fairly simple, both because, as 
has been explained, the ruthenium isotopic pattern clearly 
identifies ruthenium containing ions, but also because there 
are few relevant ions in the spectrum. Only six important 
ions appear in each spectrum, although there may be more 
than one kind of each of these ions due to the presence of 
different kinds of ligands in the analyte. For simplicity, 
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only the spectra of the tris-ligand complexes, as shown in 
Table 4, will be considered in determining the fragmentation 
mechanism. The ions appearing in the spectra of these 
+ 2+ 
complexes are of the form: [RuL 3 ]X ,[RuL 3 ] , 
+ + + [RuL 2 ] , [RuL] and (L+H) • 
Complexes such as the ruthenium complexes never give 
the parent ion in the mass spectrum, neither as the 
molecular ion ([M+']) nor as a pseudomolecular ion ([M+H]+) 
[38-44]. This is attributed to pre-formation of ions in the 
polar matrix material due to a simple ionic dissociation. 
Therefore, the ion of highest mass observed in the spectrum 
+ is the complex cation [RuL 3 ]X. The negative ion FAB mass 
spectrum of the complex [Ru(bpY)3](PF 6 )2 (Figure 13, top) is 
dominated by a peak corresponding to the intact counter 
anion, i.e. PF 6 (m/z 145). No ruthenium containing peaks 
appear in the negative ion spectrum. Other peaks are due to 
the matrix: [NBA]-' (m/z 153), [NBA 2 -H]- (m/z 305) and 
others. The positive ion FAB mass spectrum for the same 
complex on the same instrument is shown for comparison. 
Therefore, present in the matrix/analyte solution 
- + are X and [RuL 3 ]X ions and it is from the latter that 
initial fragmentation must occur. 
Since one anion can be dissociated relatively easily 
then it seems reasonable to expect that the second anion 
might also dissociate yielding [RUL 3 ]2+. Since this is a 
doubly charged ion and ionic species are analyzed via a 
Table 4. Positive Ion FAB Mass Spectra of [RuL3 ]X2 Complexes a 
L bpy bpy bpy phen phen dpa dmb 
X PF6 CF3S03 Cl PF 6 CF 3C02 PF 6 PF 6 
Fragment Relative Intensity. 
[RuL3]X + 18.7 18.8 5.8 22.9 6.5 4.2 10.9 
[RUL3 ]2+ 12.1 7.3 8.6 9.3 12.6 3.8 16.0 
[RuL3 ] + 8.8 8.3 12.4 10.0 15.9 3.3 4.5 
[RuL3-H] + 3.2 2.8 3.6 7.0 5.7 39.7 6.4 
[RuL2 ] + 13.2 14.8 20.6 18.8 20.5 5.8 12.5 
+ 11.6 17.1 11.5 11.5 22.4 19.2 [RuL2-H] 14.2 
[RuL]+ 7.4 6.8 5.9 10.7 11.8 7.2 8.0 
lRuL-H] + 10.7 9.1 9.9 4.0 4.7 6.3 14.6 
[LH]+ 3.8 3.5 3.5 5.7 5.6 7.3 8.0 
[RuL2 ]X + 2.5 12.3 12.5 2.3 
[RUL2 ]2+ 5.5 4.7 0.0 2.8 
a Relative intensities are calculated based only on the ions listed in this 
VI 
00 
table. Isotope cluster peak intensities of the same elemental composition 
are summed. 
Figure 13. FAB Mass Spectra of [Ru(bPY)3](PF 6 )Z in 3-NBA 
Recorded on the VG ZAB-E 
top: Negative Ion Mass Spectrum 
bottom: Positive Ion Mass Spectrum. 
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mass-to-charge ratio, then this ion is observed at half its 
nominal mass. From Table 4, it appears that this is a 
favourable process since this particular ion carries from 
3.8% to 16.0% of the total positive ion current. However, a 
cluster of peaks also appears in the spectrum at a 
mass-to-charge ratio that is correct for the singly charged 
2+ 
analogue of [RuL 3 ] • Cerny [42-44] and Bojesen [41] have 
also reported observing the singly charged ion, i.e. 
+ [RUL 3 ] • They suggest that it may be formed due to a ligand 
localized reduction of the doubly charged complex. Since 
there are free electrons present in the matrix/analyte 
solution, formed under bombarding conditions [24,25], then 
this is entirely reasonable. 
The ligand di-(2-pyridyl)amine (dpa) presents a 
special case of fragmentation. The intensity of the doubly 
charged ion is very low, only 3.8% of the total ion current 
compared to around 10% for all other ligands. Also, the ion 
[RUL 3 ]+ appears in the mass spectrum at a m/z ratio that is 
one unit too low. Therefore the ion is actually of the form 
+ [RuL 3 -H] • This will be termed the deprotonated analogue of 
+ [RuL 3 ]. Deconvolution of this cluster of peaks shows that 
it is mostly of the deprotonated form. From Table 4 
[RUL 3 -H]+ is 39.7% of the ion current while [RUL 3 ]+ is only 
3.3%. 
Dpa is non-planar in the free state and forms 
six-membered rings on coordination [57]. When coordinated, 
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the amine proton becomes more acidic. Loss of the acidic 
proton is believed to result in a planar and more sterically 
- . 
stable configuration for the ligand. Therefore, reaction 
with the matrix, the free counter anion, or perhaps free 
ligand molecules, can remove the acidic proton resulting in 
a more stable anionic form for the ligand: 
__ -H_+ ~) Ct NlJ 
H G 
As a result of this the [RUL 3 ]X+ ion is destabilized. When 
the ligand dpa is present in a complex, the intensity of 
this ion is always decreased relative to the same ion when 
other ligands are present. From Table 4 the ratio 
+ + [RuL 3 ]X /[RuL 3 -H] for L=dpa is 0.1 while for other ligands: 
L=bpy, 5 .8; L=phen, 3 • 3 ; L=dmb, 1.7 (all for X=PF 6 ) . 
When L=bpy, phen or dmb there is no easily lost 
acidic proton as for dpa. All available hydrogens are 
aromatic or alkyl and therefore more strongly bonded. 
Therefore the intensity ratio of the deprotonated to 
non-deprotonated tris-ligand species is small. From Table 
+ + 4, the [RuL 3 -H] /[RuL 3 ] relative intensity ratios are: 
L=dpa, 10.4; L=bpy, 0.3; L=phen, 0.8; L=dmb, 0.4. 
All remaining peaks are formed via loss of intact 
2+ ligands, from either [RuL 3 ] , + or [RuL 2 ] • This is 
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a common observation in FAB studies of coordination 
complexes [36-38, 40, 42] and reflects the differences in 
relative bond strengths, coordinate bonds being weaker 
compared to the covalent bonds within ligands. 
Loss of one or two ligands from the tris-ligand 
fragment would result in ions containing two or one ligand 
respectively. When L=dpa, successive losses of L from 
If ligand loss occurs from the doubly charged 
tris-ligand fragment then a coordinatively unsaturated (and 
highly reactive) ion is formed, i.e. [RUL 2 ]2+. Cerny 
suggests [44] that this ion could undergo an intramolecular 
oxidative addition yielding a cyclometallated form of the 
ion. This reaction is well established for ruthenium(II) 
phenylphosphites [58]: 
P (0 f) 3 
( 01') 3 p...........1 .............. H 
Ru cl~1 ~P(O<f» j \ 
, 
P (04) 3 
In an analogous reaction with a polypyridyl ligand, a 
ruthenium-carbon bond is formed accompanied by the loss of a 
hydrogen radical: 
2+ +. 
Ru Ru /'" 0-0 -H" 
/\ () ~) ) 
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Precedent for the cyclometallated structure has been found 
in the observation of a similar iridium-bpy complex that has 
been characterized by x-ray crystallography [59]. 
Cyclometallation requires rotation of one pyridine 
ring about the C2 -C 2 , bond axis. When L=phen this rotation 
cannot take place since the two pyridine rings are joined: 
Therefore, formation of the cyclometallate is prevented and 
+ abundances of the [RuL 2 -H] ion should be low. In fact, the 
relative intensity ratios for + + [RuL 2 -H] ![RuL 2 ] are: L=bpy, 
1.1; L=dmb, 1.5; L=phen, 0.6. The data are from Table 4 and 
includes only those complexes where X=PF 6 • 
Relative intensity ratios for the ions containing a 
single ligand also reflect the degree of cyclometallation. 
From Table 4, + + [RuL-H] ![RuL] ratios are: L=bpy, 1.4; L=dmb, 
1.8; L=phen, 0.4. Again only those complexes where X=PF 6 
are included for comparison. 
No further fragmentation occurs as shown by the 
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absence of other important ruthenium containing ions in the 
spectra. The fragmentation mechanisms described above are 
• I 
illustrated in Scheme 1. There are three major pathways 
that have been shown to be ligand dependent. However, due 
to the complex nature of the matrix/analyte solution under 
bombardment conditions, including the possibility of the 
presence of free electrons and radicals [24,25J, a 
particular ligand is not restricted to a particular 
mechanistic pathway. The data collected and presented in 
this thesis show, though, that some ligands will tend to 
favour one pathway over the others available to it. In 
general these tendencies are: bipyridine type ligands (i.e. 
those that are flexible and can rotate about one bond such 
as bpy and dmb) will favour a cyclometallation, inflexible 
ligands such as 1,10-phenanthroline favour a simple 
reduction and finally unusually acidic ligands (or those 
with easily removable protons) such as di-(2-pyridyl) amine 
will lose a proton. 
iv) Anion Effects and Miscellaneous Comments 
In a report by Cohen et al. [38] detailing the FAB 
mass spectra of a series of coordination complexes 
containing cationic technetium(III) and phosphine and/or 
arsine ligands, no effect was observed on the mass spectra 
on changing the counter anion from Cl 
Two complexes were available as salts of different 
Scheme 1. Fragmentation of Ruthenium(II) Tris-Bidentate Complexes 
* not observed 
+ [RuL2 ]X 
r 
* [RuL3 ]X2 
lcr 
+ [RuL3 ]X 
l-x-
2+ 2+ + [RuL2 ] ( [RuL3 ] ) [RuL3-H] 
1 + 1 + 1 + [RuL2-H] [RuL3 ] [RuL2-H] 
1 + 1 + 1 + [RuL-H] [RuL2 ] [RuL-H] 
1 
[RuL]+ 
0\ 
\JI 
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anions. These were: [Ru(bpY)3]X Z where X= Cl-, PF 6 and 
CF 3 S0 3 -, and [Ru(phen)3]X Z ,where.X=PF 6 - and CF 3 CO Z-' In 
contrast to the results of Cohen et al., a significant 
effect on the mass spectra was observed both in the 
appearance of additipnal ruthenium-containing peaks and in 
changing relatives abundances of some ions. 
The most noticeable difference in the spectra is the 
appearance of two ions in addition to those already 
described. + Z+ These can be assigned as [RuLZ]X and [RuL Z ] • 
The appearance is most noticeable for the phen complex since 
they are completely absent when X=PF 6 -. 
Two explanations for the observation of these ions 
are proposed. The first is the possibility of chelation of 
the anion to the metal center. This is certainly possible 
+ 
and 
but not for Cl-; nevertheless a significant abundance of the 
two new ions is observed when X= Cl • Therefore, some 
additional factor must be involved. 
The simplest explanation is that since Cl is a 
smaller anion then PF 6 -, then the electrostatic attraction 
+ 
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between the [RUL 2 ]2+ ion and the anion will be greater for 
Cl Therefore it should be expected that 
I 
intensities of the ion [RUL 2 ]X+ will be greater for Cl than 
for PF 6 -. From Table 4, the relative intensity of the 
[RUL 2 ]X+ ion (for L=bpy) increases from 2.5% of the total 
ion current when X= PF 6 to 12.5% when X= Cl-. 
The second important difference noted in the spectra 
is a decrease in the abundance of the complex cation when X= 
Cl for L=bpy and when X= CF 3 C0 2 for L=phen, as compared to 
when X= PF 6 for both complexes. This suggests that the 
complex cation dissociates more readily, i.e. that bonding 
to the tris-ligand doubly charged ion is weakened for these 
anions and therefore they are lost more easily. 
Miscellaneous Comments 
The spectrum of the complex [Ru(dmb)3](PF 6 )2 
contains several peaks that cannot be attributed to this 
compound. These are due to an impurity in the sample that 
was identified as [Ru(dmb)2(CO)Cl](PF 6 ). This compound is 
an intermediate in the synthesis of the intended complex. 
Of course, the presence of the impurity probably affects the 
abundance of some of the ions in the spectrum since they may 
be formed from this complex instead. Therefore, the data 
obtained for this complex have not been used to establish 
any of the conclusions drawn in the discussion. 
All of the spectra show ruthenium containing ions 
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that appear at approximately sixteen units above both the 
tris- and bis-ligand fragments. Since these ions are of 
quite low intensity, it was not possible to determine their 
correct identities. However, it is thought that they may be 
oxidation products due to a reaction in the matrix NBA, 
which is known to be oxidizing in nature. The site of the 
oxidation is unknown, though it could be on a ligand or, in 
the case of the bis-ligand fragment, on the central metal 
atom. 
v) Information Available from the Spectra 
An example of the spectra obtained for this series 
of complexes is shown for [Ru(phen)3](CF 3 CO Z)2 in Figure 14. 
The results for the complete series are summarized in Table 
4. Major ruthenium containing ions were identified from 
their characteristic isotopic pattern (an example is shown 
in Figure 11). The ion of highest mass in Figure 14 is 
[Ru(Phen)3](CF 3 C0 2 )+ (m/z 755). The ions [Ru(phen)3]2+ (m/z 
+ 321) and its singly charged analogue [Ru(phen)3] (m/z 642) 
help in the identification of the anion which can be 
confirmed by examining the negative ion FAB mass spectrum. 
Observation of the multiply charged ions allows for 
the identification of the oxidation state of the central 
metal atom. In this case it is +2 since the doubly charged 
Figure 14. Positive Ion FAB Mass Spectrum of 
[Ru(phen)3](CF 3 C0 2 )2" 
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ion is observed. Reduction processes that mayor may not 
occur in the matrix/analyte solution can mask the true 
charge on the metal atom, so this method may not be 
reliable. 
Other ions arising from intact ligand losses are: 
+ + [Ru(phen)2] (m/z 462) and [Ru(phen)] (m/z 282). These 
ions along with the protonated ligand ion, + (phen+H) (m/z 
181) enable us to deduce the number and type of ligands 
present in the parent molecule. 
Therefore from the positive and negative FAB mass 
spectra and the ions contained therein, a nearly complete 
structural characterization can be made concerning: the 
identity and oxidation state of the central metal atom, the 
number and type of ligands, and the number and type of 
anions contained in the intact analyte molecule. 
Deductions concerning the chemical nature of the 
ligands can also be made. As explained in a previous 
section, the ligand dpa contains an acidic proton, unlike 
the other ligands. Loss of the proton produces the 
preferred and more stable anionic form of the ligand. 
Therefore, the deprotonated analogues of the ions described 
and appear in greater abundance in the mass spectrum (see 
Table 4). 
In every spectrum (except when L=dpa) the bis-ligand 
containing ion [RUL 2 ]+ is in greater abundance than either 
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of the tris- ([RUL 3 ]+) or single-ligand ([RuL]+) containing 
ions, suggesting that the solution stability constant, k2' 
for the formation of [RUL Z]+ is greater than either kl for 
+ + [RuL] or k3 for [RuL 3 ] • This is in agreement with similar 
reported behaviour of hexacoordinate complexes using laser 
mass spectrometry [73]. 
b) [RuLL'L"]X series 2 
The positive ion FAR mass spectrum for 
[Ru(dmb)(bpy)(bqy)] (PF 6 )2 is shown in Figure 15. A summary 
of the mass spectra obtained for the complete series is 
given in Table 5. Peaks corresponding to the ions 
[Ru{dmb)(bpy){bqy)]2+ (m/z 349), [Ru(dmb)(bpy)(bqy)]+ (m/z 
+ 698) and [Ru(dmb)(bpy)(bqy)](PF 6 ) (m/z 843) allow a 
deduction of the complex formula weight, as well as the 
number and type of anions present in the intact complex. 
The isotopic pattern along with the observation of doubly 
charged ions allows for a complete characterization of the 
central metal atom. Neutral losses of intact ligands yields 
the ions + + [Ru(bpy)(bqy)] (m/z 514), [Ru(dmb)(bqy)] (m/z 
+ 541) and [Ru{dmb)(bpy)] (m/z 442). The presence of these 
ions indicates that there are three different ligands 
contained in the intact complex. This is confirmed by the 
presence of the ions [Ru(dmb)]+ (m/z 286), [Ru(bpy)]+ (m/z 
257), [Ru(bqy)]+ (m/z 357), (dmb+H)+ (m/z 185), (bpy+H)+ 
(m/z 157) and finally (bqy+H)+ (m/z 257). 
Figure 15. Positive Ion FAB Mass Spectrum of 
[Ru(dmb)(bpy)(bqy)](PF 6 )2' 
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Table 5. Positive Ion FAB Mass Spectra of [RuLL'L"]X2 Complexes a 
L = phen bpy bpy bpy bpy bpy bpy bpy bpy rullb 
L' = ru11b chnb phen phen phen phen oolb phen phen pl-U;;n 
L" = bqy bqy bqy oolb dpk tmp dib dzf dpa dpa 
Fragment Relative Intensity 
[RuLL'L"]X+ 8.9 15.3 16.5 14.6 11.1 20.4 24.3 12.5 1.8 3.2 
[RuLL'L"]2+ 13.3 10.0 8.5 7.~ 7.1 13.9 8.1 8.7 7.2 9.7 
[RuLL' Lit] +b 10.9 10.8 10.7 10.9 11.7 13.5 15.1 12.4 27.4 36.9 
[RuLL' )+b 23.5 19.0 18.9 12.4 25.1 5.5 7.1 28.4 8.7 14.4 
[RuLL"l +b 8.7 6.5 4.9 3.9 0.5 8.1 8.0 0.1 4.Lt 2.7 
[RuL'L"l+b 5.4 9.2 10.5 14.9 6.1 15.6 7.7 5.2 8.9 7.8 
[RuLj+b 7.7 9.9 6.4 11.9 13.6 5.8 4.3 11.2 13.5 5.0 
[l{uL'] +b 5.9 9.2 10.8 11.0 15.7 7.2 4.6 13.5 12.7 11. 9 
muLti] +b 6.3 6.0 8.1 5.5 1.3 6.0 18.0 1.6 8.3 2.0 
[UI]+ 3.5 1.5 1.2 1.4 1.8 0.7 0.9 1.5 1.8 2.0 
[L'1I1+ 2.8 2.1 2.4 3.4 4.6 2.1 0.9 3.3 3.9 3.3 
[Lilli] + 3.2 0.5 0.9 2.6 1.3 1.5 1.2 1.8 1.5 1.0 
a Relative intensities are calculated based only on the ions listed in this table. Isotope cluster peak 
intensities of the Same elemental composition are sunned. X=PF6 
b includes the ion intensity due to the deprotonated analogue of this ion. 
-...I 
w 
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The data in Table 5 show that the relative 
intensities of ions containing only two ligands decreases in 
the order: 
[Ru(dmb)(bpy)]+ > [Ru(dmb)(bqy)]+ > [Ru(bpy)(bqy)]+ 
In other words, the ligand bqy is lost more readily to give 
the ion [Ru{dmb)(bpy)]+ than either of the other two 
ligands. The relative ordering shown above indicates that 
the relative ease of losing one of the ligands decreases in 
the order: 
bqy > bpy > dmb 
Another way of stating this is that dmb is a stronger 
chelating ligand than either bpy or bqy. Confirmation of 
this observation is provided by the relative intensities of 
the ions containing only one ligand, which decrease in the 
order: 
+ + + [Ru(dmb)] > [Ru(bpy)] > [Ru(bqy)] 
Relative intensities of the protonated ligand ions suggest 
that the chelating power of the ligands toward protons also 
decreases in the order: 
+ + + (dmb+H) > (bpy+H) > (bqy+H) 
This is in agreement with the observation that, excluding 
steric and electronic effects, the stability constants of 
metal chelates are related to the solution basicities of the 
ligands [49]. The latter observation is in agreement with 
the measured values of the solution pK 's of the ligands. 
a 
The solution basicities of the ligands decrease in the order 
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[48] : 
dmb (5.40) > bpy (4.30) > bqy (3.10) 
Similar results were obtained for the complexes; 
[Ru(bpy)(phen)(dpk)](PF 6 )2' [Ru(bpy)(phen)(dpa)](PF 6 )2' 
[Ru(bpy)(phen)(dzf)](PF 6 )2 and [Ru(bpy)(phen)(bqy)] (PF 6 )2. 
An apparent anomaly involving the complex 
[Ru(bpy)(phen)(dmb)] (PF 6 )2 is easily explained if steric 
and electronic effects are considered. The relative 
intensities of the fragment ions containing two ligands 
decrease in the order: 
+ + + [Ru(phen)(dmb)] > [Ru(bpy)(phen)] > [Ru(bpy)(dmb)] 
Therefore bpy is most readily lost, but the latter part of 
the observation indicates that the ligand dmb is lost more 
readily than ph en even though it is more basic (pK of 
a 
dmb=5.4 but pK of phen=4.9 [48]). This observation is 
a 
further confirmed by the relative intensities of the other 
fragment ions, i.e.: 
+ + + [Ru(bpy)] > [Ru(phen)] > [Ru(dmb)] 
and + + (phen+H) > (dmb+H) 
Similar relationships were found for complexes containing 
the same ligands but containing the dications Cu(II), Cd(II) 
and Zn(II) [48]. Solution studies of these complexes showed 
that the association equilibrium constant (i.e. K3 for the 
reaction: 
+ L 
for the complexes is always greater for phen than for dmb. 
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The apparent disagreement between the equilibrium constants 
and the ligand basicities is explained as a result of a 
; " 
combination of steric and electronic effects [49]. Ligands 
containing alkyl groups substituted on the pyridine rings 
are more basic because of the electron donating nature of 
these substituents. Therefore, in the above complex, bpy is 
lost more readily than dmb because the methyl groups 
increase the basicity of dmb relative to bpy. Ligands that 
are more sterically bulky and that are more easily distorted 
from planarity to accommodate multiple-ligand coordination, 
lose some resonance stabilization by adopting a non-planar 
configuration [49]. Therefore the ligand dmb is made less 
basic by coordinating along with other large and bulky 
ligands such as phen. The ligand ph en is not affected in 
this manner since it is rigid and cannot bend. 
Therefore the information obtained by comparing 
relative intensities of fragment ions in the FAB mass 
spectrum of [Ru(bpy)(phen)(dmb)](PF 6 )2 can be correlated 
with the known solution chemistry of the complex. Similar 
behaviour and correlation was found for the complexes 
[Ru(phen)(dmb)(bqy)] (PF 6 )2' [Ru(bpy)(phen)(tmp)](PF 6 )2' 
[Ru(bpy)(dmb)(dib)](PF 6 )2 and [Ru(phen)(dmb)(dpa)] (PF 6 )2" 
Using the concept of inferring relative chelating 
powers of various ligands, with respect to ruthenium, by 
comparing the relative intensities of ions + such as [RuLLI] , 
[RuLL"]+, [RuL'L"]+, + [RuL] , + [RuLli] and the 
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protonated ligand ions, an ordering of the ligands found in 
the complexes listed in Table 5 can be written as: 
tmp > ph en > dib > dmb > bpy > bqy, dpa, dpk, dzf 
The final four ligands cannot be ordered relative to each 
other since complexes containing mixtures of these ligands 
were not available. 
Ions corresponding to the deprotonated analogues of 
the ions [RuLL'L"]+, [RuLL']+, [RuLL"]+, [RuL'L"]+, + [RuL] , 
+ + [RuL'] and [RuLli] were also observed for all of the 
complexes shown in Table 5. These were deconvoluted from 
the non-deprotonated analogues by using the computer program 
BMASABD as described previously. For simplicity the 
intensities of the two analogues are not shown separately in 
the Table, rather the values shown are the sums of the 
intensities of the deprotonated and non-deprotonated 
species. 
As observed with previous series of complexes, when 
the ligand dpa is present in the complex, an unusually 
acidic proton is easily removed leaving the ligand in a more 
stable anionic form. Therefore the ion [RuLL'L"]X+ is 
destabilized and the deprotonated analogues of the remaining 
fragment ions are dominant. 
The positive ion FAB mass spectrum for the complex 
[Ru(bpY)2(phen)](PF 6 )2 is shown in Figure 16. The spectra 
Figure 16. Positive Ion FAB Mass Spectrum of 
[Ru(bpy)Z(phen)](PF 6 )2· 
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for the complexes in this series are summarized in Table 6. 
Again, as for the previous series of complexes, ruthenium 
l 
containing ions were identified by their isotopic patterns. 
The ions [RU(bPY)2(Phen)]2+ (m/z 297), [RU(bPY)2(Phen)]+ 
+ (m/z 594) and [Ru[bpY)2(phen)](PF 6 ) (m/z 739) were used to 
determine the number and type of anions present in the 
complex as well as its formula weight. 
The presence of the ions [Ru(bpy)(phen)]+ (m/z 437) 
+ 
and [Ru(bpY)2] (m/z 413) and the absence of ions such as 
[Ru(Phen)2]+ (m/z 462) help to establish that the 
stoichiometry of bpy to phen is 2:1 in the intact complex. 
The intensity of the ion [Ru(bpy)(phen)]+ is greater 
than the intensity of the ion [RU(bPY)2]+ even when taking 
into account the statistical abundance of the bpy ligand 
(i.e. there are two bpy ligands in the molecule and only one 
phen). Therefore the ligand bpy is lost more readily than 
phen. This is in agreement with the results found in the 
last section for the relative chelating power of the two 
ligands. The intensities of the fragment ions [Ru(phen)]+ 
+ 
and [Ru(bpy)] can also be used to deduce the difference in 
chelating power since the intensity of [Ru(phen)]+ is 
+ greater than that of [Ru(bpy)] • 
Similar behaviour is found for the remaining 
complexes in this series with the exception of the complex 
containing the ligand dpa. The effect on the FAB mass 
spectrum due to this ligand has been described previously. 
Table 6. Positive Ion FAB Mass Spectra of [RuL2L']X2 Complexes a 
L = bpy phen dmb dmb bpy 
L' = phen bpy bpy phen dpa 
Fragment Relative Intensity 
[RuL2L' ]X+ 17.0 19.2 17.5 25.1 3.5 
[RuL2L' ] 2+ 13.0 8.5 13.6 11.6 10.0 
[RuL2L' ] +b 10.9 12.9 14.1 15.1 30.4 
[RUL2 ]+b 7.1 17.4 10.9 3.6 14.6 
[RuLL,]+b 22.8 11.7 15.7 26.2 9.8 
[RuL]+b 10.7 13.9 11.3 5.1 15.4 
[RuL,]+b 12.6 9.2 11.8 9.3 11.3 
[LH]+ 2.6 6.1 3.6 2.3 2.8 
[L'H]+ 3.5 1.1 1.5 1.9 2.0 
a Relative intensities are calculated based only on the ions listed in 
this table. Isotope cluster peak intensities of the same elemental 
composition are summed. X=PF6 
b includes the ion intensity due to the deprotonated analogue of this 
ion. 00 o 
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The same relative ordering of chelating powers of 
the ligands with respect to ruthenium was found for these 
, 
complexes as was found in the previous section, i.e.: 
phen > dmb > bpy > dpa 
Deprotonated analogues of the ions [RUL 2L']+, 
+ + [RuL] and [RuL'] were again observed. 
As with the last series of complexes, the deprotonated and 
non-deprotonated species are not shown separately on Table 
6 • 
Protonated ligand ions were observed corresponding 
to (L+H)+ and (L'+H)+. Their relative intensities 
correlated with their reported solution basicities and are 
independent of their stoichiometric occurrance in the intact 
complex. 
d) [RuLL'(CO)Cl]X Series 
The positive ion FAB mass spectrum for the complex 
[Ru(bpy)(phen)(CO)Cl]PF 6 is shown in Figure 17. Table 7 is 
a summary of the mass spectra for the complete series. 
No doubly charged ions were observed for these 
complexes because the formal charge of the complex cation 
was +1. The highest mass ion observed in the spectrum 
corresponds to the complex cation [Ru(bpy)(phen)(CO)Cl]+ 
(m/z 501). Another peak corresponding to loss of 28 mass 
units is due to the loss of the carbonyl group from the 
complex cation giving the ion [Ru(bpy)(phen)Cl]+ (m/z 473). 
Figure 17. Positive Ion FAB Mass Spectrum of 
[Ru(bpy)(phen)(CO)Cl]PF6 • 
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Table 7. Positive Ion FAB Mass Spectra of (RuLL' (CO)CI)X Complexes a 
Fragment 
[RuLL' Cl) X+ 
[RuLL'(CO)Cll+ 
[RuLL'Clj+ 
[RuLL' (CO) -HI + 
[RuLL'-II]+ 
[RuL' (CO)Cl)+ 
[RuL(CO)Cl]+ 
[RuL'CU+ 
[RuL' (CO)-1I1+ 
[RuLCIJ+ 
(RuL(CO)-H]+ 
[RuL]+b 
[RuL'J+ b 
[U\) + 
[L'II)+ 
L bpy 
L' phen 
29.6 
19.0 
1.9 
12.7 
4.4 
1.4 
10.2 
1.2 
2.7 
1.5 
8.0 
3.0 
1.4 
3.1 
bpy 
dlllb 
bpy 
Uq 
Relative Intensity 
29.9 
20.2 
1.2 
12.8 
3.8 
3.0 
3.0 
2.0 
4.3 
4.1 
7.8 
4.1 
1.4 
2.2 
3.7 
23.0 
8.3 
2Lf .3 
4.0 
2.5 
4.8 
1.9 
4.4 
2.2 
8.7 
8.2 
2.0 
1.9 
bpy 
tpy 
1.1 
3Lt .9 
16.6 
11.7 
5.2 
9.7 
19.0 
1.5 
0.4 
a Relative intensities are calculated based only on thelons listed 
in this table. Isotope cluster peak inten~ities of the same 
elemental composition are summed. X=PF6 
b includes the i011 intensity due to the deprotonated analogue of 
this ion. 
co 
Vl 
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The isotopic patterns for these two fragment ions are 
indicative of the presence of a chlorine atom. Loss of the 
- . 
chlorine atom from the latter fragment probably occurs as 
loss of the neutral HGl accompanied by cyclometallation of 
the bipyridine ligand as suggested by Cerny et al. [44]. 
This is confirmed by the resultant fragment ion 
[RU(bpy)(phen)-H]+ at m/z 437. 
+ + Ions corresponding to [Ru(bpy)] , [Ru(phen)] , 
+ ~ (bpy+H) and (phen+H)' are useful in deducing the identities 
of particular ligands present in the complex. As is common 
for these complexes, the deprotonated forms of the fragment 
ions + + [Ru(bpy)] and [Ru(phen)] were also observed. 
Relative chelating power of the different ligands 
present in each complex could be deduced by comparing 
relative intensities of peaks such as (Ru LL'Cl]+, 
[RuLL'(CO)]+, + + [RuLCl] and [RuL'Cl] . It was found that the 
monodentate ligands were lost more readily than the 
bidentate ligands and that these were lost more readily than 
the tridentate ligand. This is related to the number of 
bonds that must be broken before complete fragmentation. 
A full description of the fragmentations observed is 
shown in Scheme 2. 
e) Summary 
In summary then it has been shown that the FAB mass 
spectra are very valuable in terms of structurally 
Scheme 2. Fragmentation of [RuLL'(CO)Cl]X Complexes 
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characterizing the ruthenium complexes. From the isotopic 
pattern and the charge of the mUltiply charged ion, the 
central metal atom and its oxidation state can be 
identified. + From ions such as [RUL 3 ]X , 
2+ [RUL 3 ] ,and from the negative ion FAB mass spectrum, the 
number and type of anions can be determined as well as the 
formula weight of the complex. Ion such as (L+H)+, 
+ + [RuL Z ] and [RuL] help to establish the identity and 
stoichiometric ratio of the ligands present in the complex. 
The results obtained from the positive ion FAB mass 
spectrum can be correlated with the known solution chemistry 
of the analyte. 
Relative chelating powers of the ligands can be 
estimated from the FAB mass spectra of the mixed complexes. 
vi) Multiply Charged Ions 
Observations of multiply charged ions when using the 
FAB technique are rare, and in the case of coordination 
complexes, almost completely unheard of. Only one reported 
observation of mUltiply charged ions in the FAB mass spectra 
of coordination complexes has been found. In a study by 
Bojesen [41], 2+ the ion [Ru(bpY)3] was observed in the 
positive ion FAB mass spectrum of the complex [Ru(bpY)3] 
(Cl0 4 )2 when analyzed using sulfolane as matrix. Another 
ruthenium containing complex, [Ru(tpen)](Cl0 4 )2 (where tpen= 
tetrapyridyl ethylenediamine), did not produce any doubly 
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charged ions when analyzed as a solution in glycerol. 
Bojesen states that coordination complexes containing other 
; 
transition metals gave no mUltiply charged ions, even when 
they contained intact polycations. 
In none of the extensive studies carried out by 
Cerny et al. [42-44] are multiply charged ions observed. 
The authors propose several mechanisms including complex 
reduction and clustering with anions to explain their 
absence. Williams et ale [61] suggested that the relatively 
high heat of formation for polycations in the gas phase 
could be an explanation. It has subsequently been found 
that since multiply charged ions are observed in EHD [5] 
then the heat of formation is probably not an important 
factor. 
This is not say that no multiply charged ions of any 
kind are found in FAB. Doubly charged ions were observed 
for some quaternary ammonium salts in FAB [62-63]. They are 
commonly found using other desorption techniques such as: 
SIMS [64], FD [65-67], EHD [5] and thermos pray MS [68,69]. 
In general, higher abundances of doubly charged ions were 
found in FD [65-67] or EHD [5,70,71] than in FAB suggesting 
that an electric field is necessary for the extraction of 
ions of charge greater than +1. 
In this report, all ruthenium(II) complexes 
containing complex dications gave spectra containing a 
doubly charged ion. That these ions were correctly 
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identified as the doubly charged species was established by 
the presence of peaks at half-integer mass/charge units and 
by the fact that they appear in the mass spectrum in a 
position that is one-half that expected for the singly 
charged species. The isotopic patterns observed for the 
doubly charged ions were very similar to those expected by 
theory. As an example, the mass spectrum of the complex 
[Ru(dmb)2(phen)](PF 6 )Z is shown in Figure 18. Below this in 
the Figure is a composite diagram of the expanded mass 
range, from the top spectrum, where the doubly charged ion 
was observed, overlaid with the theoretical isotopic pattern 
for that ion obtained from the program BMASROS. As is 
clearly shown by this diagram, differences between 
theoretical and observed are small. 
Doubly charged ions were observed only when the 
analysis was performed using 3-NBA as matrix. Analyses in 
other matrices including thioglycerol, glycerol and 30% 
glycerol in sulfolane gave spectra containing no doubly 
charged ions. Analysis in sulfolane only, while difficult 
because of the short lived spectrum, did give doubly charged 
ions; however, they were poorly defined. Therefore, while 
one might argue that the [RUL 3 ]2+ ions could arise from 
simple dissociation of the complex in solution, the fact 
that they are not observed in other matrices is evidence 
that dissociation is not a major factor in their production. 
The matrix itself must have some effect. 
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Figure 18. top: Positive Ion FAB Mass Spectrum of 
bottom: Comparison of Observed and Theoretical 
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The FAB mass spectra of other transition metal 
containing complexes do not contain multiply charged ions. 
The complexes [Fe(bpY)3]X l , [Fe(phen)3]X 2 ' [Co(bpY)3]X 2 and 
[Ni(bpY)3]X 2 (where X= Cl0 4 -) gave no indication of the 
presence of doubly charged ions when analyzed in the matrix 
3-NBA. Therefore, a second major factor in the appearance 
of mutiply charged ions must be the nature of the central 
metal ion. 
To confirm the importance of the matrix, an 
experiment was conducted in which the intensity ratio of 
n+ doubly to singly charged [Ru(bpY)3] was monitored as a 
function of increasing 3-NBA concentration. The complex 
[RU(bpY)3]Cl 2 was dissolved in glycerol, a matrix in which 
it was known that doubly charged ions were not produced. 
Appropriate dilutions were prepared with 3-NBA and glycerol 
such that the concentration of the ruthenium complex was 
always the same. The dilutions were analyzed via FAB and, 
using the same operating conditions for each dilution, the 
intensity ratio 2+ + [Ru(bpY)3] /[Ru(bpY)3] was calculated. 
The results are presented in Figure 19. The plot shows that 
the amount of doubly charged ion relative to the singly 
charged analogue, increases from zero when no 3-NBA was 
present to a maximum when the solution consisted of only 
3-NBA as solvent. Therefore 3-NBA is a necessary element in 
the production of ruthenium containing doubly charged ions. 
The absence of multiply charged ions in some 
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Figure 19. Effect of Addition of 3-NBA to a [Ru(bpY)3]C1 2 
Solution on the Intensity Ratio of Doubly 
n+ Charged to Singly Charged M = [Ru(bpY)3] • 
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matrices and for some transition metal centers argues for a 
more complex mechanism of formation. We propose a mechanism 
that exploits the known photochemical activity of ruthenium 
complexes and the ability to quench these complexes by some 
nitroaromatic molecules. 
Ruthenium(II) polypyridyl complexes are best known 
for their ability to photochemically split water into H2 and 
°2 " These reactions occur, of course, for the complex in 
the excited state [47]. In FAB, deposition of large amounts 
of energy by the incident atom beam into the matrix/analyte 
solution might perform the same function as light energy on 
these complexes, that is to convert the complex into its 
excited state: 
[RUL3] 2+ ___ ~*[ L ]2+ ~ Ru 3 (A) 
Nitroaromatic compounds are known to oxidatively 
quench the excited state of Ru(II) [47]. Therefore 
3-nitrobenzyl alcohol, being a nitroaromatic, may also be 
involved in such a quenching reaction. 
The first step in the reaction is the formation of 
an excited molecule/quencher pair followed by an electron 
transfer between the pair: 
Where "A" is the quencher, or in this case 3-NBA, the 
solvent. The ion pair thus formed is caged inside other 
solvent molecules. In the presence of an electron source 
such as may exist in FAB [24,25], the caged pair can 
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separate into two ionic entities: 
+ A (c) 
A check on the mechanism by monitoring an increase in the A 
ion abundance in the mass spectrum is not expected to be 
successful. Since A is also the molecular ion of the 
matrix, which is present in a large excess (compared to the 
ruthenium complex), no significant change will be visible in 
the spectrum. 
Interestingly, reaction (C) may not necessarily 
proceed as shown. * 2+ The reaction of [Ru(bpY)3] oxidatively 
quenched with methylviologen (MV 2+) does not proceed 
exclusively as in (C). Excluding the electron source, the 
3+ + 
reaction is expected to yield [RuL 3 ] and MV • However, it 
has been found that about 80% of the caged pairs undergo a 
back electron transfer that regenerates the starting ions, 
i.e. [RUL 3 ]2+ and MV 2+ [72]. The energy converted in the 
process is dissipated as heat. Therefore, assuming the same 
process is in effect for the ruthenium complexes and 3-NBA, 
the doubly charged ion may be regenerated and when sputtered 
into the mass spectrometer analysed as such. One electron 
reductions and back electron transfers that are not 
successful would yield the singly charged species. 
The mechanism proposed above can also be used to 
explain the observations described above. No doubly charged 
ions were produced for complexes containing other transition 
metals because they lack similar photochemical behaviour, or 
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if they do possess photochemical abilities then they are not 
quenched in the same manner by nitroaromatic compounds. No 
~ i" • 
doubly charged ions were observed for other matrices because 
they do not quench the excited state of Ru(II) in the same 
manner as nitroaromatics. Doubly charged ions were observed 
using sulfolane because it is an oxidizing matrix, as is 
3-nitrobenzyl alcohol. Therefore it might also oxidatively 
quench the excited state of Ru(II). 
vii) Use of the Technique to Identify Components in a 
Mixture 
Bojesen reports [41] that the spectrum obtained from 
a mixture of the two complexes [Ru(pic)4C12]Cl and 
[Rh(pY)4C12]Cl, (where pic= 2-methyl pyridine, py= 
pyridine), contained no ions that could be attributed to a 
ligand exchange reaction. Ions resulting from such a 
reaction would contain a mixture of the two ligands along 
with either transition metal. No ions such as these were 
observed. Bojesen suggests that the absence of ligand 
exchange may be due to the relatively high binding constants 
of nitrogenous ligands. 
In a study reported by Tkatchenko et ale [36], 
ligand exchange between the complexes [(C 4 H7 )Pd(PBU 3 )2] PF 6 
and [(C 4 H7 )Pd(tmtu)2]PF 6 (where tmtu= tetramethyl thiourea), 
was observed. Ligand exchange yields the species 
These results are not conflicting 
95 
with those of Bojesen since the binding constants of ligands 
such as PBu 3 and perhaps tmtu are expected to be lower. 
Therefore, complexes containing these ligands fragment more 
readily and can recombine to produce the exchanged species. 
Included in the group of ruthenium(II) coordination 
complexes were two samples that were mixtures of complexes. 
One of these was labelled as such and therefore was known to 
be a mixture. The second sample was labelled as a pure 
complex. Upon analysis, however, extra peaks were observed 
in the mass spectrum which were subsequently identified as 
being due to a second species. 
The first sample was labelled as a mixture of the 
Both 
of these complexes were available in relatively pure form, 
therefore the spectrum of each of these was known. The FAB 
spectrum obtained for the mixture is shown in Figure 20. 
Included are the spectra obtained for the pure complexes. 
As can be seen, all peaks contained in the mixture spectrum 
(bottom of Figure 20) can be found in either of the two pure 
complex spectra (top and middle of Figure 20). No peaks due 
to species formed from ligand exchange were observed. These 
should be readily visible. For example exchange of one phen 
in the tris-phen complex for a bpy ligand would give the 
ion, + [Ru(phen)Z(bpy)] at m/z 618. This ion is not contained 
in the mixture spectrum. Since the ligands contained in the 
ruthenium complexes are of the same type as used in the 
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top: Positive Ion FAB Mass Spectrum of Pure 
[Ru(phen)3](PF 6 )2 
middle: Positive Ion FAB Mass Spectrum of 
Pure [Ru(bPY)2(dpa)](PF6 )2 
bottom: Positive Ion FAB Mass Spectrum of 
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Bojesen study, then these results confirm his observations. 
While it is not possible to determine absolute 
quantities of each complex in the mixture, it is possible to 
estimate relative quantities. The ions due to the complex 
[Ru(phen)3](PF 6 )2 are all of higher abundance than the 
corresponding ions due to the other complex. Therefore 
there is more of the tris-phenanthroline complex present in 
the mixture than of the other complex. 
Relative intensities of peaks arising from the same 
complex in the mixture spectrum are in close agreement with 
those found in the pure complex spectrum. Table 8 is a 
summary of the spectra for the complex [Ru(phen)3](PF 6 )Z in 
both the mixture and in the pure form. Deviations between 
relative peak intensities (expressed as a % of the total 
positive ion current for the ions listed in the Table) are 
very low and average to zero. This suggests that formation 
of particular ions in the mixture is unaffected by the 
presence of ions from another complex and reinforces the 
conclusion that ligand exchange does not occur. 
The second sample was labelled as containing only 
the complex [Ru(bpy)(dmb)(dib)](PF 6 )2. Another sample vial 
was labelled with this designation, yet it gave a very 
different mass spectrum (Figure 21). Comparison of the two, 
and consideration of the peaks contained therein, showed 
that there were peaks in the former sample that could not be 
described as having come from the labelled complex. These 
Table 8. Comparison of Positive Ion FAB Mass Spectrum for 
[Ru(phen)3] (PF6 )2 as a Pure Complex and as a 
Mixture 
species Relative Intensity § 
Pure * Mixture 
Deviation 
Complex 
[Ru(phen)3]X + 22.9 
[Ru(phen)3] 2+ 9.3 
[Ru(phen)3] + 17.0 
[Ru(phen)2] + 30.3 
[Ru(phen)] + 14.7 
(phen+H) + 5.7 
-'-
" data taken from Table 4. 
§ extracted from RUN022 
19.7 -3.2 
9.7 0.4 
16.1 -0.9 
31.1 0.8 
17.2 2.5 
6.1 0.4 
average 
deviation 0.0 
-J:) 
00 
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top: Positive Ion FAB Mass Spectrum of the 
Mixture 
bottom: Positive Ion FAB Mass Spectrum of 
Pure [Ru(bpy)(dmb)(dib)](PF 6 )2. 
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extra peaks were, however, from their characteristic 
isotopic pattern, due to ruthenium containing ions. Careful 
consideration of all logical possibilities arising from the 
reaction from which these complexes were synthesized, lead 
to the conclusion that the extra peaks were due to the 
Comparative 
peak abundances indicated that there was more of this 
complex in the mixture than of the labelled complex. The 
possibility of ligand exchange from the labelled complex to 
form the second complex was discounted by the results found 
for the first complex. 
Therefore, it has been demonstrated that, in 
agreement with Bojesen [41], complexes containing 
polypyridyl ligands do not undergo ligand exchange reactions 
during FAB analysis. The technique is extremely useful, 
therefore, in separating components in a mixture so that a 
complete identification can be made. 
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2. Group V Triptycenes and Related Complexes 
i) Introduction 
A group of related organometallic derivatives of 
Group V were analyzed using both electron impact (EI) and 
fast atom bombardment (FAB) for providing mass analyzable 
species. The complexes, as listed in Table 2, can be 
divided into three different series. 
where M=P, As, Sb and Bi; M(C 6 F4 X)3 where X=Br for M=P, As 
and Sb and X=H for M=As; 
Sb, M=As for M'=As and Sb and M=M'=Sb and Bi. Only the last 
series of complexes are true triptycenes as shown in Figure 
6 (bottom). The second series of complexes are 
intermediates or by-products of the reaction taken to 
synthesize the triptycenes. The first series is related to 
the others in that the central metal atom is three 
coordinate, with the coordinating groups being aromatic 
rings. Two complexes were included containing a Group IV 
metal atom. However, the central metal atom is still three 
coordinate with respect to the aromatic rings. These 
complexes are: CH 3 Si(C 6 F4 Br)3 and (CH 3Si)2(C 6 F4 )3. 
Therefore they fall within the series M(C 6 F4 X)3 and 
MM 1 (C 6 F4 )3 respectively. 
The positive ion FAB and EI spectra for the 
complexes are shown in Appendix B. Acompanying the 
discussion for each series of complexes is a single 
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representative example of the FAB and EI spectra for that 
series. The EI spectra we~e obtained under the conditions 
as outlined in the Experimental section as were the FAB 
spectra. No matrix optimization experiment was performed as 
only the matrix sulfolane gave useful results. 
Included in the discussion for each series is a 
Table partially summarizing the positive ion mass spectra 
for all the complexes in that series. Values given in the 
Tables are expressed as a percentage of the total positive 
ion current. Only important ions were included, therefore 
the relative intensities may not sum to 100%. Other ions 
present in the spectra, but not shown in the Tables, arise 
from minor decompositions, matrix adducts in FAB and from 
other background peaks. For comparative purposes, relative 
intensities were summed over the isotopic peak cluster where 
appropriate. Metal containing and other non-metal 
containing ions were separated in the Tables, for clarity. 
Overlapping peak multiplets were deconvoluted using the 
computer program BMASABD, as explained in the Experimental 
section. 
ii) Formation Mechanism of the Molecular Ion in FAB 
FAB analysis is best suited to complexes that have 
large dipole moments or that are ionic since these are 
requirements for good dissolution in the polar matrices 
normally used in FAB. The ions produced from these 
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complexes are removed from the matrix/analyte surface into 
the gas phase via sputtering by bombarding atoms. In 
general, involatile, neutral molecules, lacking protonation 
sites and having large molecular weights are analyzed by FAB 
only with great difficulty. It has been suggested, however, 
that if a molecule can be presented to the incoming fast 
atom beam in the gas phase then it may be ionized by 
colliding with a fast atom in a manner similar to electron 
impact [74-78]. Therefore a spectrum is obtained that is 
similar to that obtained by EI. 
The organometallic complexes studied in this part of 
the thesis are relatively involatile under the conditions 
encountered in FAB. On heating, they do provide good EI 
mass spectra. The complexes are also relatively non-polar 
and therefore do not dissolve well in any polar matrix. 
Therefore they might be expected to give poor FAR mass 
spectra. In fact, extremely poor results were obtained 
using most of the available matrices in our laboratory. 
Very good spectra were obtained, however, when using the 
matrix sulfolane. Moreover, the molecular ion was observed 
in all of the spectra with good intensity except for those 
complexes that were inherently unstable due to weak 
interatomic bonding. 
It is suggested, therefore, that the use of the 
volatile matrix sulfolane was responsible for the good 
results obtained by FAB. When using sulfolane as a matrix 
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it is normally expected that only a few scans can be 
collected due to rapid evaporation of the matrix. Thus, it 
is possible that along with evaporating matrix molecules, 
some analyte molecules can be carried or sputtered into the 
gas phase. These then could be ionized by collisions with 
the incoming fast atom beam or perhaps with other species 
formed from the matrix. 
Further evidence of this process is found in the 
similarity of the EI and FAB mass spectra. Also, the 
molecular ion is generally in greater abundance in the FAB 
mass spectrum reflecting the relatively "softer" nature of a 
bombarding atom as opposed to an electron. 
iii) Tris(2-chlorophenyl) Derivatives 
As, Sb and Bi] 
Figure 22 is an example of the positive ion FAB and 
EI mass spectra obtained for this series of complexes, shown 
Table 9 summarizes the results 
obtained for the remaining complexes. Scheme 3 helps to 
explain the fragmentations and rearrangements observed. 
The molecular ion, ([P]+O), was observed as the base 
peak (m/z 364) in both spectra. This ion is observed for 
all complexes but decreases in intensity in the order: 
P > As ) Sb ) Bi 
This reflects the increasing weakening of the metal-carbon 
bond as one goes down Group V until bismuth which is 
Figure 22. Positive Ion FAB and EI Mass Spectra of 
2-chlorophenyl Derivative of Phosphorus 
P(C 6H4 Cl)3" 
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Table 9. Partial Positive Ion FAB and EI Mass Spectra of M(C6H4Cl)3 Complexes 
Relative Intensity 
M= P As Sb 5i 
EI FAB EI FAil EI FAB EI FAB 
metal-containing ions 
pt. 32.4 23.5 23.5 25.4 15.5 14.7 0.3 2.0 
(P+Cl)+ 0.3 1.1 1.1 
(P-Cl) + 6.4 3.0 0.6 0.9 0.9 0.8 
(P-H)+ 13.2 8.1 3.2 
+ 1.5 3.3 5.0 7.7 8.0 8.1 12.5 34.1 M(C 6H4C1)2 
( " -H)+ 
( " -H ) + 1.9 0.5 0.5 2 
" -Cl) + 0.7 0.2 0.4 0.4 0.1 o . Lt 
" -C1 ) + 3.0 3.3 2.0 2.2 0.9 3.1 2 
II 
-HC1)+ 9.9 7.8 20.1 16.9 24.7 19.0 5.6 if. 3 
+ 0.8 2.3 10.2 1.8 11.6 5.4 20.5 15.6 MC 6H4C1 
( 11 -Cl) + 2.1 1.4 6.1 3.0 0.3 0.2 
M+ 1.3 0.6 0.3 0.2 22.3 12.6 
non-metal containing ions 
+ 0.9 0.9 2.9 (C 6H4 )2 1.8 8.0 4.3 17.0 7.1 
+ 12.2 (C 6H4 ) (C 6H3Cl) 0.5 0.7 4.1 6.3 1.7 3.4 0.7 
+ 0.5 1.1 1.2 1.2 (C 6H4 ) 1.0 1.0 1.1 0.9 I-' 
0 
'" 
Scheme 3. Fragmentation of M(C 6H4Cl)3 Complexes 
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expected to have the weakest metal-carbon bond [58]. This 
is in fact observed. When M=Bi, the base peak in the 
spectra is the ionized metal atom, Bi+ 
Chlorine addition to the molecular ion was observed, 
but only in FAB, suggesting that it is a solution process 
involving chlorine radicals present due to fragmentations 
that will be described below. was observed at m/z 
399 in Figure 22. This ion is present in very low 
abundance, therefore it is a minor process. 
Fragmentations of the molecular ion involve radical 
losses such as: 
M(C 6 H4 Cl)3+'---7 M(C 6 H4 Cl)2(C 6 H3 Cl)+ + H" 
M(C6H4Cl)3+'~ M(C 6 H4 Cl)2(C 6 H4 )+ + Cl' 
Chlorine radical loss is favoured over hydrogen radical loss 
except when M=P. Multiple chlorine loss was observed only 
for the phosphorus derivative. 
The major mode of radical loss from the molecular 
ion was loss of an intact ring system, i.e. (C 6 H4 Cl"). This 
loss yields an ion whose structure is as in (I): 
+ 
(I) 
Steric requirements force the two chlorine substituents to 
be as far away from each other as possible. Miller and 
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others [49 and references contained therein] have suggested 
that a better representation for this ion is as shown in 
(II) : 
+ 
(II) 
Formation of (II) involves a rearrangement requiring 
migration of ring substituents (either halogen or hydrogen 
in this case) to the central metal atom. The identities of 
X and Xl are not specified in (II) since they can 
conceivably be one of: X=X'=H, X=X'=Cl or X=H and X'=Cl. 
The latter combination seems most likely considering that 
the chlorines are probably situated on opposite sides of the 
metal atom in (I) which is the precursor. This is confirmed 
in that loss of HCl from M(C 6H4 Cl)2+ is the dominant loss as 
shown by the relatively high intensities of the ion 
M(C 6 H3 Cl)(C 6 H4 )+ as listed in Table 9. The other 
combinations of X and Xl are also possible, but to a much 
smaller extent. Losses of H2 and C1 2 were observed, but 
with much smaller relative intensities. 
Appearance of the ion MC 6 H4 Cl+ is best explained as 
originating from fragmentation of the ion of structure (I) 
rather than (II). 
In both FAB and EI, intensities of the ions 
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+ + M(C 6H4 Cl)2 and M(C 6 H4 Cl) both decrease in the order: 
Bi > Sb > As > P 
This again is in agreement with the expected metal-carbon 
bond weakening as one goes down Group V. These two ions are 
related to each other by structure (I). An analogous bond 
weakening is observed for structure (II) by an increase in 
the intensity of the biphenylene ion (i.e. (C 6 H4 )2+) in the 
same order: 
Bi > Sb ) As > P 
Biphenylene is formed from (II) by consecutive loss of XXI 
followed by M or simply by loss of MXX'. 
Therefore fragmentation of the tris(2-chlorophenyl) 
derivatives of Group V involves radical losses from the 
molecular ion. A rearrangement of the ion containing two 
ring systems might occur but not exclusively so. 
Fragmentations are related to metal-carbon bond strengths 
and reflect the weakening bonding expected as one goes down 
the Group V periodic row. Scheme 3 gives a complete 
summary. 
iv) Tris(2-bromotetrafluorophenyl) Derivatives 
M=P, As, Sb and CH 3 Si] and the Tris(3,4,5,6-tetrafluoro-
phenyl) Derivative of As [As(C 6 F4 H)3] 
The positive ion FAB and EI mass spectra of 
Sb(C 6 F4 Br)3 are shown in Figure 23. These, and the spectra 
of the remaining complexes are partially summarized in 
Figure 23. Positive Ion FAB and EI Mass Spectra of 
Tris(2-bromotetrafluorophenyl) Derivative 
of Antimony 
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Table lOa Partial Positive Ion FAB and EI Mass Spectra of M(C 6 F4X)3 Complexes 
M/X= 
metal containing ions 
P 
-I- . 
(P-I-X)+ 
(P+F)+ 
(P-F)+ 
(P-X)+ 
(P-2X)~ 
(P-3X)+ 
M(C F X)+ 642 ( " +F)+ 
" +X)+ 
" -F)+ 
" -X)+ 
" -F2)+ 
" + 
-X 2 ) 
11 -FX)+ 
M(C F X)+ 6 4 
( 11 -X)+ 
( 11 +(7)+ 
11 +X)+ 
~1F+ 
MF+ 
Mxf 
-I-MX 2 
MFX+ 
M+ 
Relative Intensity 
P/Br As/Br Sb/Br 
EI FAB EI FAB EI FAB 
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Table lOb. Partial Positive Ion FAB and EI Mass Spectra nf M(C 6 F4 X)3 Complexes 
M/X= 
non-metal containing ions 
+ (C6F4)~ 
(C 6 F4 )2 
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FAS EI 
1.8 0.7 
0.3 0.9 
0.2 0.1 
0.1 1.4 
0.7 
Relative Intensity 
As/Br Sb/Br 
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Scheme 4. Fragmentation of M(C6F4X)3 Complexes 
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Tables lOa and lOb. Scheme 4 shows the fragmentation 
processes observed. 
The molecular ion, ([P]+O), was observed for all 
complexes (m/z 806 in Figure 23). The relative intensity of 
this ion was always found to be greater in FAB then in EI. 
This confirms that FAB is a softer ionizing technique than 
EI. 
Halogen addition to the molecular ion occurs again 
for these complexes and again only in FAB indicating that it 
is a solution process involving free radicals that are known 
to be formed under atom bombardment [25]. Fluorine addition 
occurs for all complexes except when M=CH 3Si. This is 
probably simply due to steric crowding around the Si metal 
center. Bromine addition occurs only when M=Sb. This is 
best explained by considering that Sb is larger than either 
P or As, therefore a bromine atom can better fit in among 
the ring systems. Therefore it is found that for the M=Sb 
complex, fluorine addition occurs more readily than bromine 
since fluorine is smaller. Relative intensity of (P+F)+ is 
1.6% while for (p+Br)+ it is 1.2%. 
Fragmentations of the molecular ion consist 
principally of radical losses. The radicals that can be 
lost are: F" and Br· (also CH3" when M=CH 3Si and HO for 
As(C 6 F4 H)3) as well as loss of an intact ring system. For 
the lone complex containing hydrogen as a ring substituent, 
it was found that hydrogen radical loss did not occur. From 
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Table lOa it can be seen that bromine radical loss is more 
favourable than fluorine radical loss. 
~' jO 
In fact, one, two or 
all three bromine atoms may be lost. Multiple bromine loss 
is less favoured for the heavier metal complexes. Only two 
bromines were observed to be lost from the antimony complex 
and in only the EI spectrum. 
Methyl radical loss when M=CH 3 Si is very facile 
considering the intensity of the (P-CH 3 )+ ion, however, in 
FAB it is stabilized with respect to the molecular ion, 
providing further evidence of the "softness" of the FAB 
technique. 
The principal fragmentation of the molecular ion is, 
as for the preceding series of complexes, loss of an intact 
Again, the ring system which, in this case, is C6 F4 X·. 
resulting ion can be thought of as having one of two 
structures as in (III) or (IV): 
+ 
X 
0- M (I II) 
x 
+ 
(IV) 
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The notations Y and y' are used so as not to confuse these 
groups with the X substituents in (III). 
ion 
Structure (III) best explains the appearance of the 
+ MC 6 F4 X as well as the possibility of the formation of 
the species MXC 6 F 4 X+ and MFC 6 F4 X+ via halogen migration. 
The second form (IV) is formed by rearrangement and 
halogen transfer to the central metal atom. This type of 
rearrangement has been well studied for the EI mass spectra 
of organometallic complexes [79-83]. The halogen migrations 
are made possible by the interaction of filled p-orbitals of 
the halogen atom with empty d-orbitals of the central metal 
atom. Therefore, halogen migrations to lighter elements 
such as carbon and nitrogen are not observed since they do 
not have available empty d-orbitals. 
As for the tris(2-chlorophenyl) complexes, the 
identities of Y and Y', in structure (IV), might be expected 
to be different for the same reasons of steric hindrance as 
found in the preceding series. This was found to be true 
For this complex, the most 
abundant loss from (IV) was the neutral HF. Therefore the 
precursor ion must be of the form: 
+ 
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All other complexes showed that loss of FBr (i.e. Y=Y') is a 
minor process as is loss of F2 (i.e. Y=Y'=F). 
structure of (IV) must be: 
Therefore the 
+ 
(VI) 
L J 
The data in Table 10 show that the ease of losing 
Br, as either Br" or Br 2 , from (VI) decreases in the order: 
P > As > Sb 
(This relationship was established by comparing the ratios 
of the relative intensities of the ions + [M(C 6 F 4 Br)2] and 
explained, in part, using the ideas of hard and soft acid 
and base theory. If the halogens can be considered to be 
bases, then based on their sizes, fluorine is a hard base 
and bromine is a soft base. Similarly, the "hardness" of 
the metal atoms decreases in the order: 
P > As > Sb 
Since, using HSAB theory, soft bases prefer to combine with 
soft acids, then the soft base bromine should prefer to 
combine with Sb and therefore, the ease of losing Br 2 should 
decrease in the same order as shown for the hardness of the 
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metal atoms. This was found to be true. HSAB theory can 
also be used to explain the increase in intensity of the 
metal halide ions: 
HSAB ideas can also be used to explain the order of 
preference for halogen addition to MC 6 F4 X+. Recall that 
this ion is most likely formed by fragmentation of (IV) by 
However, this loss, accompanied by halogen 
+ migration yields an ion of the form MFC 6 F 4X or 
Hydrogen transfer was found not to occur for the complex 
Both fluorine and bromine migrations were 
observed when M=P, As and Sb. As expected, migration of 
bromine was favoured and increases in preference to the 
central metal atom in the order: 
Sb > As > P 
This is in agreement with HSAB theory as explained above. 
Halogen migration has been found to occur prior to 
loss of MX (where n=1,2,3) [81]. 
n 
Depending on the 
precursor, elimination of MX can lead to the ions 
n 
octafluorobiphenylene or dodecafluorotriphenylene: 
00 
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appearing in the mass spectrum at m/z 296 and m/z 444 
respectively. In this study, both ions were observed, but 
only when M=P, As and Sb. 
In summary then, fragmentations observed for the 
complexes of the series M(C 6 F4X)3 are very similar to those 
observed for the series M(C 6 H4 Cl)3" The molecular ion was 
observed as well as ions resulting from halogen addition to 
the molecular ion. Radical losses from the molecular ion 
were also very similar. Rearrangement of the ion formed 
from loss of an intact ring system radical from the 
molecular ion produces an ion that is best formulated as in 
(IV) with y=y'=Br (except for As(C 6 F4 H)3 where Y=H and 
Y'=F). Fragmentations of (IV) are similar to those of (II). 
HSAB theory can be used to explain the order of preference 
of halogen loss from (IV) as well as the preference of 
halogen migration to the central metal atom. 
v) Perfluoro-1,6-disubstituted Triptycene Derivatives 
[MM'(C 6 F4 )3' M=M'=P, As, Sb, Bi and CH 3 Si and M=P, M'=Sb and 
M=As, M'=Sb] 
Figure 24 shows the positive ion FAB and EI mass 
spectra of the mixed metal complex AsSb(C 6 F4 )3" Peaks that 
are indicated with an asterisk (*) are due to another 
complex that was either an impurity in the sample being 
Figure 24. Positive Ion FAB and EI Mass Spectra of 
Perfluoro-1,6-disubstituted Mixed Metal 
Triptycene of Arsenic and Antimony 
AsSb(C 6 F4 )3" 
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Table 11a. Partial Positive Ion FAB and EI Mass Spectra of MM' (C6F4)3 Canplexes 
Relative Intensity 
M/M'= PiP As/As sb/sb Bi/Bi C1\3Si/CH3Si p/Sb As/sb 
EI Fi\I~ EI FAI1 EI FAI1 E1 FA!) EI !<i\B E1 FAB E1 FA!) 
metal containing ions 
['+. 19.9 13.3 24.9 9.5 5.3 18.4 3.5 9.7 16. Lf 21.0 23.8 11.2 9.9 
([,+F) + 1.3 1.4 1.6 
(P-F)+ 1.3 0.1 1.5 1.0 0.6 1.8 0.1 0.8 
(P-MF)+ 0.8 0.1 0.4 1.4 0.6 0.1 0.1 0.3 
(P-MF2)+ 1.1 0.6 0.3 0.4 4.1 0.1 0.2 
(P-M' F) + Lf.7 0.8 0.1 0.5 
(P-M'F )+ 4.7 1.1 0.8 0.5 2 + 
t-lM' (C6F4)2 6.0 0.1 1.8 0.9 0.8 2.1 2.0 
( " +1')+ 2.2 1.4 
( " -F) + 0.2 1.1 2.5 0.5 0.5 
M(C6F4)~ 5.0 8.2 19.8 5.4 L+. 3 5.3 1.2 1.9 4.7 4.8 5.7 8.9 
( " -F) + 0.1 7.8 0.7 0.8 0.2 2.1 0.5 2.6 
M' (C6FLf)~ 0.6 1.0 2.1 1.7 
( " -F) + 0.3 0.4 0.9 
t-1(C F ) + 45.4 54.9 9.9 20.6 18.2 5.3 1.2 0.8 0.3 4.8 18.9 3.5 6 4 
M' (eF )+ 23.7 3.6 029.1 6.1 b If 
MF+ 0.1 0.1 0.7 1.4 1.5 0.6 0.5 0.1 0.3 
MF+ 4.7 2.2 0.9 2.1 3.0 0.1 4.9 1.7 1.1 0.3 2 
M'F+ 2.4 0.9 0.7 1.0 
M' F+ 4.4 2.2 2 
1'1+ 2.9 3.3 47.7 20.9 I-" N M'+ 2.4 N 1.3 
Table 11b. Partial Positive Ion FAB and EI Mass Spectra of ti1' (C6F4)3 Canp1exes 
M/M'= PIP 
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Scheme 5. Fragmentation of MM'(C 6F4 )3 Complexes 
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analyzed or that still remained in the spectrometer when 
this sample was being analrzed. A partial summary of these 
and the remaining spectra is given in Table 11. No FAB 
Scheme 5 
shows the fragmentations observed for these complexes. No 
differentiation was made in the Scheme between identical 
processes involving different metal atoms, i.e. M=M' in the 
Scheme. 
The fragmentation of these complexes is relatively 
simple compared to that observed for the preceding two 
series of complexes. Three main ions appear in the spectra 
. +. ( ) + + correspondkng to: P ,M C6 F4 2 and MC 6 F4 • 
The molecular ion, P+', was observed in good 
abundance (m/z 640 in Figure 24). No preference was shown 
with respect to the more favourable ionization technique. 
Fluorine addition to the molecular ion is almost completely 
absent and, as expected, is only observed in some FAB 
spectra. These were for the complexes where M=M'=As and M=P 
or As and M'=Sb. 
Fluorine radical loss from the molecular ion is 
unimportant as shown by the low intensities for the (P-F)+ 
ions. A more important mechanism for fluorine loss appears 
to be via migration to a metal atom followed by loss of MF 
The mixed metal complexes show that these losses 
occur more readily for M=Sb than for either M=P or As. 
The parent ion can lose one ring system to give 
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(VI): 
+ 
(vI) 
However, loss of the ring with one metal atom attached is 
more likely, yielding (VII): 
+ 
(VII) 
This preference is shown by the relatively larger abundance 
of the ions M(C 6F4 )2+ and MC 6F4+ as compared to the 
abundance of the ion M2 (C 6 F4 )2+' Formation of (VII) 
actually occurs in two steps [51b]: 
M2 (C 6F4 )3+°--7 M(C 6 F4 )+ + 
+ M(C 6F4 )2 ') M(C 6F4 )2 
The complex (VII) will then fragment: 
+ 
or~ M + 
+ Therefore products of the fragmentations include C12 F 6 and 
+ C12 Fa • The former requires a halogen migration to the 
127 
central metal atom therefore the intensities of these ions 
should reflect the ease of fluorine migration to the metal 
center. However, since C12 F 6+ is a normal decomposition 
+ product of C12FS then this effect is masked and cannot be 
used. 
The mixed metal complexes show that there is a 
preference in the first step shown above, i.e.: 
MM' (C F ) +.~ M I (C F ) + 
64364 + 
in that the single ring is retained by the Sb atom. 
Therefore: 
+ 
where M=P and As. This is in agreement with the general 
tendency for increasingly weaker metal-carbon bonds as one 
goes down the periodic Group V. Previously published 
results for the phosphorus-arsenic mixed complex [51b] are 
also in agreement in that, in the EI spectrum, relative 
abundances of the ions decrease in the order: 
and > 
Therefore the major fragmentation of the molecular ion is: 
+ 
the heavier element remains with the single ring, having 
broken two bonds to the other two rings. 
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vi) Summary 
The molecular ion was observed for all the complexes 
in both FAB and EI. Halog~n addition to this ion occurred 
mostly for fluorine but bromine addition to a larger metal 
center was found. 
Major losses from the molecular ion occured via 
radical loss but the principal fragmentation involved loss 
of an intact ring system to form an ion that rearranged to 
the structure as shown in (II) or (IV). The rearrangement 
was accompanied by migration of ring substituents to the 
central metal atom. Which substituents migrated was 
dependent on their identities. 
Fragmentations were consistent with known bond 
strengths. The metal with the strongest metal-carbon 
bonding retained the largest number of coordinating groups. 
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D. Conclusions 
1. Ruthenium(II) Polypyridyl Coordination Complexes 
A matrix optimization experiment for the polypyridyl 
complexes showed that based on the general requirements for 
a matrix material as well as on the quality of the spectra 
obtained, 3-nitrobenzyl alcohol was the best matrix. 
An investigation of the fragmentation mechanism 
showed that the important factors involved were: initial 
dissociation of the complex salt, successive losses of 
intact ligands, cyclometallation of bpy-type ligands and 
proton loss from ligands having readily removable hydrogens 
(i.e. dpa). 
It was found that the identity of the anion present 
in the complex salt had an important effect on the spectrum 
obtained. Additional ions were observed in the mass 
+ 2+ 
spectrum having the form [RuL 2 ]X and [RUL 2 ] • Some 
anions, such as CF 3 S0 3 and CF 3 C0 2 -, were unusually strongly 
bound to the central Ru(II) atom, possibly by multiple 
chelation. Small anions such as CI formed these ions since 
it would have a stronger electrostatic attraction to the 
[RUL 2 ] 2+ 1·on than ld 1 . h PF-wou a arge an10n suc as 6. 
An almost complete structural characterization could 
be made of the intact complex. From the isotope pattern of 
ions, and the charge of the multiply charged ion, the 
identity of the metal atom and its oxidation state could be 
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determined. The number and type of anions could be inferred 
from observations of the n~gative ion spectrum and ions such 
+ ~ [RuL 3 ] and [RuL 3 ]X' in the positive ion 
spectrum. The number, type and stoichiometric ratio of the 
ligands contained in the complex were determined from ions 
such as + + [RuL] and (L+H) • The formula weight of 
the complex could also be calculated from the ions [RUL 3 ]X+, 
2+ + [RuL 3 ] ,and [RUL 3 ] • 
By observing relative intensities of the appropriate 
ions formed from mixed ligand complexes, relative chelating 
powers of the ligands were estimated. From these, it was 
concluded that the information contained in the FAB mass 
spectrum could be correlated with the known solution 
behaviour of the observed species. 
The appearance of mUltiply charged ions was found to 
be dependent on the type of matrix used. A mechanism was 
proposed in which the formation of the doubly charged ion 
was explained as a result of an oxidative quenching of the 
excited state of the complex. Such reactions are known from 
photochemical studies of the Ru(II) polypyridyl complexes. 
Analysis of one known mixture and one unknown 
mixture of complexes showed that no ligand exchange 
occurred. Therefore the FAB technique was concluded to be a 
good method for separating and identifying components in a 
mixture. 
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2. Group V Triptycenes and Related Complexes 
The molecular ion was observed for all the complexes 
in both FAB and EI suggesting that the ionization mechanism 
was similar for these complexes using both techniques. This 
was confirmed by the similarity in the spectra obtained and 
in a general tendency for a more abundant molecular ion in 
FAB than in EI. This was expected since FAB is a "softer" 
ionization technique. 
Halogen additions to the molecular ion were observed 
but only in FAB indicating that this was a solution process 
involving free radicals formed under particle bombardment. 
Fluorine addition was found for many complexes but, due to 
its size, bromine addition was observed only to the larger 
metal center. 
Fragmentation of the molecular ion occurred via loss 
of radicals. 
ring system. 
The principal radical loss was of an intact 
The resulting ion then underwent a 
rearrangement accompanied by migration of substituent groups 
to the central metal atom. 
determined by the complex. 
The groups to migrate were 
For the series M(C 6 H4 Cl)3' 
abundant loss of HCl indicated that one hydrogen and one 
chlorine migrated. For the M(C 6 F4 Br)3 series, however, the 
major loss was of Br 2 indicating that both bromines migrated 
to the central metal atom. 
Relative metal-carbon bond strengths could be 
estimated by comparing relative intensities of species 
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appearing in the mass spectra. These estimates were found 
to be in agreement with the expected gradual weakening of 
the metal-carbon bond from P to Bi. Therefore the technique 
of FAB also has application to structural characterization 
of these complexes. 
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Positive Ion FAB Mass Spectra of 
Ruthenium (II) Po1ypyridy1 Coordination Complexes 
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